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WINTER SECTIONAL MEETING 


N excellent program has been prepared for the Winter Sec- 

tional Meeting at Buffalo, January 21 and 22, 1926. The 
sectional meetings of the A. 8. S. T. are gaining in importance 
and attendance from time to time and the Buffalo meeting gives 
every evidence of achieving and surpassing the previous meetings. 
The members will begin to gather on Wednesday, 20, inas- 
much as on that day the newly elected national officers will 
hold the first meeting of the year at the Statler Hotel, for the 
transaction of important business. On the same date, the Publi- 
cation Committee of TRANSACTIONS, under the direction of Pro- 
fessor Herbert M. Boylston of Case School of Applied Science, 
will hold a meeting at Hotel Statler, for consideration of publica- 
tio problems and the determination of policy. At 6:30 P. M. 
that evening, there will be an innovation in the sectional meeting 
activities in the Early Bird’s Dinner, to which all of the members 
of the Society are invited and all of the members of the Buffalo 
hapter will have dinner with these in attendance from out of 
own. After dinner the party will attend the theatre. 

On Thursday morning the technical sessions will begin. The 
alternoon will be devoted to a plant inspection. At 6:30 P. M. 
hat evening in the Ball Room at Hotel Statler, a banquet will 
be held, at which time a number of interesting addresses will be 
made by invited guests. On Friday there will be two technical 
sessions and one plant inspection. The technical sessions will 
probably be held in the morning and the evening. Friday evening 
will mark the official close of the sectional meeting, yet on Sat- 
rday a trip has been planned to Niagara Falls for the benefit 
of those who have not had the opportunity to visit the Falls before 
r desire to renew their vision of it under winter conditions. 
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The following papers have been prepared and will be 
at this sectional meeting: Testing of Automobile Sheet 
Dr. G. L. Kelley of the Edward G. Budd Manufactur 
The Laboratory as a Factor in the Inspection of Alloy and 7,, 
Steels, by W. H. Wills, Jr., metallurgist, Atlas Alloy Stee] Corp,: 
a report supplementing work relating to the Effect of Size gy, 
Shape on the Hardening of Steels, by H. J. French and 0, 7 
Klopsch, Bureau of Standards; Electric Steel Melting from, tj, 
Metallurgist’s Viewpoint, by Dr. Birger Egeberg, Halcomb Steo| 
Co.; On the Nature of Alloys of Iron and Chromium, by ¥. | 
Bain, Union Carbide and Carbon Research Laboratories: /n/]\e), 
of Changes in Carbide Concentration on X-Ray Structure 9 
Some Pure Iron-Carbon Alloys, by Dr. W. L. Fink, Aluminuy 
Company of America. 

Chairman G. J. Armstrong of the Buffalo chapter has ap. 
pointed the following committees: Publicity Committee, chairman 
B. L. MeCarthy ; O. W. Mueller, F. G. Moore; Finance Committe: 
chairman, B. Clements; B. D. Walls; Dinner Committe. 


ng ('9 


, chair. 


man, G. J. Armstrong; W. J. Gamble; Entertainment and Ar 
rangements Committee, chairman, O. W. Mueller; F. B. Louns. 


berry, W. H. Blocksidge, D. Bell, F. G. Brost, C. R. Pafenbach, 


F. C. Burkhardt, R. E. Sherlock; Registration Committe: 
man, B. L. McCarthy; W. S. Miller and F. L. Weaver. 


, chair 


HoreL RESERVATIONS 

The Statler Hotel will be the official headquarters and all 
technical-sessions will be held at that hotel. Members and guests 
should make their reservations directly with the hotel manage. 
ment, stating the time of arrival, price of accommodations desired 
and request an acknowledgment of the reservation. ‘The rates 
are as follows: 

Single rooms—with both shower and tub, $3.50, $4.00, $4.00 
$5.00, $5.50, $6.00, $7.00. 

Double rooms—(For two)—one double bed. With both 
shower and tub, $5.50, $6.00, $6.50, $7.00, $7.50, $8.00, $9.00. 

Twin-bed rooms—(For one or two). With both shower aud 
tub, $6.50, $7.00, $7.50, $8.00, $8.50, $9.00, $10.00, $12.00. 

Every room has its own private bath, circulating ice water 
and other unusual conveniences. A daily paper is placed under 
the door every morning. 
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EDITORIALS 


WORTHY CONTRIBUTIONS TO METALLURGY 


HIS issue of TRANACTIONS contains several important contri- 
T butions to the science of metallurgy. In one of the papers, 
by H. J. French and T. G. Digges entitled ‘‘ Experiments with 
Nickel, Tantalum, Cobalt and Molybdenum in High Speed Steels’”’ 
the authors have described the results of their researches in the 
alloying of these elements in high speed steel. This papr, together 
with the discussion, presents a valuable addition to the science. 

A second paper by Dr. D. J. McAdam, Jr., entitled ‘‘ Effeci 
of Cold Working on Endurance and Other Properties of Metals,’ 
Part I and Part II, is a distinct contribution to the science. Dr. 
MeAdam has been conducting extensive researches on the subject 
of fatigue and has published a number of his papers in Transac- 
pons. The paper by French and Digges and also that by Dr. 
\cAdam were presented at the Cleveland Convention of the society. 

A third paper entitled ‘‘Thermal Disturbances and Reerystal- 
lization in Cold-Worked Steels’’ by Dr. V. N. Krivobok is likewise 
a valuable addition to our knowledge of metallurgy and erystal- 
lography. Dr. Krivobok has been closely associated with Dr. Albert 
Sauveur and has had the privilege of studying these problems with 
Dr. Sauveur and later at Carnegie Institute of Technology. 


THE NEW YORK CHAPTER MEETING 


HAT steel treaters are eagerly in quest of practical informa- 

tion was strikingly shown at the November meeting of the 
New York chapter last week, with its unique symposium on alloy 
steels as reported on other pages. The attendance was the largest 
since the organization of the chapter. While much of the informa- 
tion given out by the six experts—all New York men but one— 
was familiar to some of those present, even the most experienced 
was amply rewarded. Similar monthly meetings are held in a 
chain of cities, stretching from coast to coast, the sum total of 
the movement, both in attendance and in metallurgical output, 
making it fairly phenomenal. These chapter activities, in view 
of their informality and the practical character of the addresses, 
have been invaluable to the younger practitioners. There is no 
iystery, therefore, about the enthusiasm that has borne the 
American Society for Steel Treating from one success to a still 
sreater one in successive annual conventions.—Iron Age. 
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STEEL MELTING SESSION 


N Tuesday morning, September 15, there assemh). 

Ball Room of the Cleveland Hotel about 500 membe: 
society to hear presented and discussed several papers dea! 
the relative merits of steelmaking by the acid and ba: 
hearth processes and the electric furnace process. D 
Mathews, vice-president of Crucible Steel Company of 
presided. 


in th 
Ol the 


& with 


The four papers comprising this session are printe 
in this issue of TRANSACTIONS, together with the discussio: 
written and oral, which followed their presentation. This sessioy 
really marked the first effort of the society on this important 
subject. 

In discussing the subject of the ‘‘ Proportion of Heat Treated 
Steel to Total Production,’’ C. J. Stark, president of Penton Pub. 
lishing Company, states that the automobile industry has proved 
itself the greatest patron of heat treatment of steel as it also has 
of alloy steel. He points out that last year this industry cop. 
sumed approximately 3,200,000 gross tons of rolled steel and 0 
this quantity probably 15 to 20 per cent was of alloy quality. On 
the general basis, estimated, he continues, the automobile industry 
today is using 50 to 60 per cent of all the commercial alloy steel 
produced. He directs attention to the fact that the railroads a 
backward in adopting heat treating of their material largely i 
cause of-the need of a scientific knowledge and skilled labor to 
properly meet their requirements. In closing he says that from 
3,000,000 to 3,500,000 tons of steel are being scientificially treated 
annually to serve various economic or mechanieal purposes. 

The second paper was presented by Radeclyffe Furness, super 
intendent of the melting and forging departments of the Midvale 
Co., Nicetown, Philadelphia. In his paper entitled ‘* Acid Ope 
Hearth Melting Practice’’ the author emphasizes the importance 
of the ore addition, pointing out that the greatest care should be 
used to add the exact amount at the proper rate in order to brig 
the carbon to the desired point when all the ore has been reduced 
and the resultant gas boiled off. The characteristics of the proces 
as well as the reactions and the composition of the slags are fully 
treated. The details of charge, melting and pouring temperaturs 
are discussed. Reasons for the superiority of acid over basic ste? 
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are also given with emphasis on the importance of the proper 
“eonditioning’’ of both, stating that this has a great influence 
on the defects which may appear in the finished product. 

The third paper was presented by E. A. Whitworth, Gath- 
naun Engineering Company of Baltimore, entitled ‘‘Basic Open 
Hearth Practice.’’ In this paper the author states that in melt- 
inv alloy steels and high-grade carbon forging steels for a charge 
of 210,000 pounds, the limestone charge should be at least 21,000 
pounds, the serap charge 60 per cent of clean, and as much heavy 
grap as is available, and 40 per cent of hot metal. With pig iron 
of 0.90 to 1.00 per cent silica and 1.75 per cent manganese and 
, fairly sharp working furnace using oil for fuel, the heat should 
melt close enough to the desired tapping point in carbon so that 
it will not be necessary to use an excessive amount of ore for re- 
carburization. 

The author states that there should be no addition of ore for 
at least 30 minutes to an hour before tapping so as to insure the 
absence of iron oxide in the bath. After the bath has been worked 
down in carbon to the ‘‘go-ahead’’ point and the slag is ‘‘shaped 
up’ and the temperature about what is wanted by the melter, the 
addition of about 2500 pounds of 10 per cent silicon pig is made 
to the bath after the final preliminary test is sent to the labora- 
tory for the determination of carbon, manganese and sulphur. 
From 20 to 30 minutes are required to get the analysis back to 
he open hearth, during which time the oxidation of the silicon, 
rather than carbon, takes place, allowing the melter to figure the 
bath the same as when the final test was sent to the laboratory. 

he use of ferrosilicon at this point is beneficial as a deoxidizer 
because its oxide seeks out the manganese oxide suspended in the 
metal, forming manganese silicate, which is easily fusible at pour- 
Ing temperature, causing it to coalesce and go into the slag readily 
vhile the manganese oxide is likely to remain suspended, causing 
iefects in the metal when cold. The silicon also reacts with any 
arbon monoxide or ferrous oxide dissolved in the bath. 

The fourth and last paper contributed by F. T. Sisco, metal- 
urgist, air service, War Department, McCook Field, Dayton, Ohio, 
Was presented in abstract by Jerome Strauss, material engineer, 
aval Gun Factory, Washington, D. C. This paper is a very 
apable and valuable contribution to the literature. 

The author diseusses the outstanding features and advantages 
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Vecembe 


of the electric furnace method of steel production. | Gives 
description of the three types of electric melting furnaces yseq 7 
steel production and discusses in detail the process of melting. 4 
chemistry of oxidation, the control of oxidation in melting on 
deoxidation, slagging off, recarburization and many other facton 
entering the practice of electric furnace steel production. 1 
Considerable valuable and interesting discussion followed thal reco! 
presentation of each paper. Some of the discussion was jn 4 Reco 
form of written discussion, while a considerable amount was oan omm 
discussion. These discussions accompany the papers as publish, (am: 
in this issue of TRANSACTIONS. have 
an ¢ 
these 
HIS issue of TRANSACTIONS completes Volume VIII, whi 
covers the period from July, 1925, through. December, 199;,mmmo! ©! 
Volume IX will include the period from January, 1926, throunfmm®! D 
June, 1926. The index for Volume VIII is now ready and myy® “ 


be secured upon request. 

Those desiring to have their loose copies of Volume VII] 
bound in accordance with the style used in binding Volumes | 
II, I1I, IV, V, VI and VII, may do so by forwarding them to th 
executive offices of the Society, 4600 Prospect Avenue, Cleve 
land, together with $2.00, and they will be bound and returne 
promptly. 










Future Meetings 


WINTER SECTIONAL MEETING—Hotel Statler, Buffalo, N. Y.. 
January 21, 22 and 23, 1926. 





Spring SecTIONAL Mretina—Hotel Bond, Hartford, Con- 
necticut, May 20 and 21, 1926. 


ANNUAL CONVENTION AND Exposition—Municipal Pier, 
Chicago, Illinois, September 20-24, 1926. 
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EDITORIALS 


REPORT OF SUB-COMMITTEE ON CARBURIZING 
GEARS AND OF SUB-COMMITTEE ON 
CARBURIZING CAMSHAFTS 


HE Recommended Practice Committee of the American So- 

ciety for Steel Treating has recently approved as tentative 
recommended practices of the Society, two reports, namely, the 
Recommended Practice for the Carburizing of Gears and the Rec- 
mumended Practice for the Carburizing and Heat Treatment of 
Camshafts. The two sub-committees which compiled these reports 
have spent considerable time and thought on these problems in 
au endeavor to compile suitable recommended practices covering 
these two phases of heat treating. 

These reports, which follow, will remain tentative for a period 
of not less than one year and will then be presented to the Board 
of Directors by the Recommended Practice Committee for adoption 
as standard recommended practices of the Society. Constructive 
criticism of these tentative recommended practices is encouraged. 

The members composing these two sub-committees were as 
flows: Sub-committee on Carburizing Gears: chairman, F. C. 
Raab; members: L. M. Fenner, S. C. Spalding, M. A. Allen, Leon 
Slade, H. M. Northrup and E. C. Smith. Sub-committee on Car- 
buuing and Heat Treatment of Camshafts: chairman, E. H. 
Stilwill, members: H. M. Northrup, C. A. Furgason, E. G. Hergen- 


other, R. J. Giblin, Edmund Blasko, W. H. Graves and F. L. 
oodside. 


Recommended Practice for the Carburizing and Heat 
Treatment of Camshafts 


GENERAL 


HIS recommended practice covers the process to be followed 
in the carburizing and heat treatment of camshafts. 


CHEMICAL COMPOSITION 


The steels listed in Table I may be used for camshafts and 


is recommended practice is not applicable to steels having any 
ther chemical composition. 
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Table I 
Chemical Composition 





Cc Mn P max. S max. 


.10—0.20 
-16—0.25 
-15-—0.25 
-10—0.20 
-17 max. 
-15—-0.25 
-10—0.20 
-15-0.25 
.10—-0.15* 


-045 
045 
.040 
-045 
-040 
-040 
-040 
-040 
-040 


.05 

.05 

.045 
-050 
045 
-045 
-045 


DDD 
RAS 


<P EPPRPP> 


Omznn 
i 
— 


4 
oocoooooo 


eoocoococoeo 
coococoooo 


+These steels are the ones most commonly used for camshafts. 

1The chromium content for this steel is 0.45 to 0.75 per cent. 

*The molybdenum content for this steel is 0.20 to 0.30 per cent. 

*The chromium content for this steel is 0.80 to 1.10 per cent and the vanadi. 
0.15 to 0.20 per cent. 


‘The chromium content for this steel is 0.25 to 0.40 per cent and the vanad 
is 0.15 to 0.20 per cent. 








ANNEALING AND Heat TREATMENT AFTER FORGING AND 
MACHINING 


SEFORE 


For annealing the 8S. A. E. steels 1015, 1020, 2320, 3120. 
6120, and the 0.50 per cent nickel, nickel-molybdenum, and the 
chromium-vanadium steels, place the steel in the furnace so as 
to expose maximum surface area. Heat slowly and uniformly 


to a temperature of 1600 to 1650 degrees Fahr., and cool at a rate 
to give the desired machinability. 

For annealing the 5 per cent nickel steel (S. A. E. 2512 
place in furnace so as to expose maximum surface area. Heat 
slowly and uniformly to 1600 degrees Fahr., and hold at this ten- 
perature for about one hour. Cool slowly in furnace to 800 degrees 
Fahr., and then cool in air. 

Before machining hollow camshafts quenching and tempering 


operations, at the proper temperatures, are advisable to give the 
desired machinability. 


° 


PREPARATION OF CAMSHAFTS FOR CARBURIZING 


Two methods are used for maintaining a camshaft that will 
straighten without breaking after hardening. 

One method consists of copper plating the entire shaft prior 
to carburizing and removing the copper by grinding or turnin 
from those areas which are to be carburized and hardened. 

The second method consists of forging or machining tle call: 
shafts somewhat larger with an excess of metal between tlie call’ 
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and bearings. This excess metal is machined off after carburizing 
and before hardening. 


CARBURIZING CAMSHAFTS 


The carburizing operation should be carried out in containers 
and furnaces of suitable dimension and design to permit uniform 
heating throughout the charge. The carburizing temperatures 
for the various steels are given in Table II. 

The camshafts should be so packed that the areas to be har- 
dened do not come in contact with each other or with the walls 
of the containers. 

Sufficient compound should be used so that the camshafts 
are not exposed at any time during the carburizing and cooling 
operations; after carburizing the camshafts are allowed to cool 
in the containers. 

Case DrepTH 


The time required to attain the depth of case depends upon 
a number of factors, such as temperature of the furnace at time 
of loading, rate of heating, type of furnace, thickness of the 
containers, amount of stock left for grinding, etc. However, the 
carburizing time and the amount of stock left before grinding 
should be so regulated that the depth of case after grinding is 
at least 0.045 of an inch. The hardness of the camshaft should 
not be below a seleroseope reading of 75. 


HEAT TREATMENT OF CAMSHAFTS AFTER CARBURIZING 


Hardening 


The camshafts should be heated uniformly to the tempera- 
ture given in Table II, and held for complete penetration of heat. 
The heating medium should be of such a character that no de- 
carburization will take place. 

To prevent warpage, the shafts should be arranged properly 
in the heating medium and quenched either vertically or rolled 
horizontally into the quenching bath. 


Tempering 


_ After quenching, reheat the camshafts in a suitable temper- 
ing medium to the temperature given in Table II, and hold at 
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this temperature for at least one hour to insure complete penetr. 
tion of heat. The highest temperature that will not 


tect the 
hardness should be used. 


Carburizing and Heat Treatments for Camshafts 


Carburizing Reheat to 

Steels Temp. Deg. F. Cool in Deg. F. Quench in 
1625-1750 box 1425-—1450* water or brin 
1625-1750 box 1425-—1450* water or bring 
1650-1700 box 1375—1425* water or oil 
1575-1625 box 1325-1375* oil 
1625-1675 box 1375—-2425* water or oj 
1600-1650 box 1350—1400* oil 

box 1475-1525 oil 

box 1425-1475* water or brir 
box 1425—-1475* water or brin: 


ws 


DP Z RD Dt Dp 


™ 
[ar eer eRe 


*Use lowest possible temperature to produce maximum hardness. 
*After rough machining, anneal at 1450 degrees Fahr., air cool, finish th 
then carburize. 


Nores ABOUT THE PROCESS 


The mixture of the carburizing compound is left to th 
judgment of the individual. Some add only enough new con. 
pound to replace the amount used during earburizing, while others 
may vary the ratio from the above to a mixture of 50 per cen 


old and 50 per cent new. 

There are several methods used for packing the camshafts. 
For example, a single shaft may be packed in a tube or a number 
of shafts may be packed in a tube or a box of suitable size. The 
majority of the methods give good results if properly carried out. 

When using the plain carbon steel (S. A. E. 1020), 
factory results may be obtained without annealing or otherwise 
heat treating before machining, although by following the above 
practice, the steel will be in a better condition. 

When using a salt bath as a heating medium for hardening. 
the shafts are sometimes preheated at approximately 600 degrees 
Fahr., transferred to the salt bath in which they are suspended 
vertically to prevent warping and maintained in the heating 
medium until they attain the proper hardening temperature 
They are then quenched and tempered. 


Recommended Practice for the Carburizing of Gears 


GENERAL 
- This recommended practice covers the process to be followed 
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n the carburizing and heat treatment of gears. The process of 
arburizing Will be here considered as the pack method. 












CHEMICAL COMPOSITION 









There are steels of other analyses used for gears, than those 
listed below, but they require special heat treatments and, there- 
fore, this recommended practice does not apply to them. 

The steels generally used for gears have the following chem- 
ical composition : 


Chemical Composition 










C Mn P Max S Max Ni 
oun 0.10—0.20 0.30—0.60 0.045 Cue «© weednwe 
eG 0 . kala 0.10—0.20 0.30-0.60 0.040 0.045 1.25-1.75 
mie 8 eae eae 0.10-—0.20 0.30-—0.60 0.040 0.045 3.25-3.75 
Ni* reeset eae 0.17 max. 0.30—0.60 0.040 0.045 4.50—5.25 
NiCr on neues 0.10—0.20 0.30-—0 .60 0.040 0.045 1.00-1.50 
yo | aa ee eee 0.12-0.20 0.55-0.75 0.040 0.040 


uniform and satisfactory results the carbon content for these steels should be 
e point range. 
fhe chromium content for this steel is 0.45 to 0.75 per cent. 
2The chromium content for this steel is-0.70 to 1.00 per cent, and the vanadium content 
0.20 per cent. 























ANNEALING APTER FORGING AND BEFORE MACHINING 


For annealing the 1.5 per cent nickel, 3.5 per cent nickel, 
nickel-chromium, and chromium-vanadium steels, place the steel 
in the furnace to expose maximum surface area. Heat slowly 
and uniformly to a temperature of 1600 to 1650 degrees Fahr., 
and cool at a rate to give the desired machinability. 

For annealing the 5 per cent nickel steel, place the steel in 
the furnace so as to expose maximum surface area. Heat slowly 
aud uniformly to 1600 degrees Fahr., and hold at this tempera- 
ture for about one hour. Cool in furnace, allowing from 5 to 8 
hours for the steel to become cold. 

To obtain the best condition for machining and grain size, 
it ls sometimes desirable to heat the 5 per cent nickel steel to 
1600 degrees Fahr. and quench in water or oil. Then anneal to 
give a Brinell hardness number from 163 to 179. 


CARBON CONTENT OF CASE 






The carburizing process should be so carried out that the 
carbon content of the outer portion of the case will be approxi- 
mately 1.00 per cent. 
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Table I 
Carburizing and Heat Treatments for Carburized Gears 


Heat Carbur- 
Treat- ize at Reheat to Quench Reheat Quen 
ment Deg. Fahr. Quench Deg. Fahr. in Deg. Fahr. in 


CARBON STEEL 


1600-1650 From Box 1425-1450 Water 
into Water 
1600-1650 Cool in 1625-1650 Water Wat 
Box 
1600-1650 Cool in 1425-1450 Water 
Box 


NICKEL STEELS 


1600-1650 From Box 1300-1350 Oilt 
into Oil* 
1600-1650 = in 1550-1600 Oil 1325-1375 
x 
1600-1650 Cool in 1325-1375 Oil 
Box 


NICKEL-CHROMIUM AND CHROMIUM-VANADIUM STEELS 


1600-1650 From Box 1400-1425 Oilt 
into Oil* 
1600-1650 Cool in 1575-1600 Oil 1400-1425 


8 
Box 

9 1600-1650 Cool in 1425-1450 Oil 
Box 


1All gears should be tempered at 300 to 350 degrees Fahr., except clash g 
tempered at 350 to 400 degrees Fahr. 

*The purpose of this quench is to hold the cementite in solution. 

{The oil for this quench should be flowing rapidly. 


Purposes of Heat Treatments 


A. To be used when hardness and toughness are both governing factors. 
B. To refine case and core. 
C. To be used when distortion is governing factor. 


DeptH OF CASE 


The depth of case on each side of the gear tooth should le 
about 15.00 per cent of the total thickness of the tooth, measured 
at the pitch line. 

CoprPER PLATING 


Where it is desired to keep a portion of the work soft after 
heat treatment, to permit machining or to assist in controlling 
distortion, copper plating to prevent the penetration of carbon 3 
recommended. 

BEVEL GEARS 


When quenching bevel gears the last operation should be doue 
on a quenching machine with a properly designed die. 


Heat TREATMENTS 


The carburizing and heat treatments for the steels consider! 
in this recommended practice are given in Table I. 
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EXPERIMENTS WITH NICKEL, TANTALUM, COBALT 
AND MOLYBDENUM IN HIGH SPEED STEELS 


By H. J. FReENcH ANp T. G. DIGGES 


Abstract 


This is a preliminary report concerned with the 
effects of chemical composition on lathe tool perform- 
ance of high speed steels. With the exception of a 
chromium-tantalum steel all experimental steels are 
modifications of the high tungsten-low vanadium or low 
tungsten-high vanadium types now used industrially. 
In some cases, additions were made to the usual propor- 
tions of chromium, tungsten and vanadium, as in the 
steels containing nickel and cobalt, while mm some steels 
such as those containing molybdenum or tantalum, the 
special elements were substituted for all or part of one 
of the customary constituents. Included in the ex- 
perimental heats are two commercial steels which enable 
a direct comparison of ‘‘quality’’ between experimental 
melts amd commercial steels of similar composition. 
Preliminary results suggest that the advantages gained 
by the additions of mckel and cobalt in high speed 
steel are associated with the heat treatment rather than 
the composttion. 


lL. INTRODUCTION 


ESTS deseribed in this report form part of an investigation 

of the effects of chemical composition on lathe tool per- 
formance of high speed steels. Only roughing cuts will be con- 
sidered and discussions will be further restricted to the prelimi- 
nary tests on a few of the first steels made. This is, therefore, 
a progress report and cannot be expected to be complete. 

Three factors: are recognized as contributing in a major de- 
yree to the tool performance of that group of alloys called high 
speed steels, (1) heat treatment, (2) ‘‘quality’’ of the metal, (3) 
chemical composition. The general effects of heat treatment 
variations on commercial high speed steels have been so widely 
discussed that no comments need be added at this point. Of the 
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two remaining factors most importance is usually attached 4 
the ‘‘quality’’ of the steel, at least in manufacturers’ statements 
In the term ‘‘quality’’ are grouped all manufacturing yarja| 
other than chemical composition, which tend to produce vood op 
bad steels and these surely play an important part in the hp. 
havior of any steel, whether of high speed or other types. Hoy. 
ever, as already pointed out by the authors and others, the chep. 
ical composition is likewise of importance and cannot be entire}; 
disregarded. That this is true and likewise recognized }y pro 
ducers is shown by the effective chemical standardization of ¢oy. 
mercial steels, despite the fact that today they are still marketed 
under trade names. 

Admitting the importance of this factor, it is interesting 
note that but two major improvements have been recorded since 
the publication in 1906' of Taylor’s investigations. The first and 
most important is an increase in vanadium content; the second 
is the addition of cobalt. 






























to 


It is now an accepted fact that current commercial hig! 
speed steels, with from 3 to 7 times the vanadium found in the 
best of Taylor’s steels, are superior in many respects for rough- 
ing work to the low-vanadium or vanadium-free alloys. However, 
differences of opinion exist with respect to the use of a few per 
eent of cobalt. 

In the investigation in which this forms a preliminary re- 
port three useful fields of study were kept in mind: (1) An im 
provement in tool performance even at increased cost (the im- 
proved performance should preferably be commensurate with the 
inerease in cost): (2) A reduction in the total proportion of al- 
loying elements in the steel (likewise a reduction in cost) while 
retaining present performance; (3) The effect of impurities ordi- 
narily encountered on the performance of current commercial 
high speed steels. The special steels dealt with in this report are 
not all new but in such cases cover modifications of customary 
compositions concerning which more data are needed, and thie re- 
sults may, therefore, also be of interest at this time. 


















II. Streets TESTED 
The chemical compositions of the high speed steels tested ar 
given in Table I. Included in the twelve heats listed are two 


commercial steels made by representative manufacturers; these 
iF. W. Taylor: The Art of Cutting Metals. Transactions, A. 8. M. E., 28. 
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enable direct comparison of ‘‘‘quality’’ between the 


/€rlmen. 
tal melts and commercial steels of similar compositio 


and & 


indicate the importance of changes resulting from variations ;, 
composition in relation to steels now generally availabio. Wy 


til 


the exception of the chromium-tantalum steel (heat E23, Tab) 
all steels are modifications of the high tungsten-low vanadiuy 9» 
low tungsten-high vanadium types now used industriilly, hy 
some cases additions were made to the usual proportions 
ium, tungsten and vanadium, as in the steels contain 
and cobalt, while in some steels such as those containine molyy. 
denum or tantalum the special elements were substituted for al 
or part of one of the customary constituents. 
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If nickel 












Ill. Mevtinc Practice EMPLOYED 










All experimental heats were made in an electric furnace of 

° the indirect are type recently installed at the Bureau of Stand. 
ards (Fig. 1). A similar furnace and its application to the pro. 

duction of special steels were described by Gillett and Mack,’ but 

in the present unit the lining consisted of coarse dry ground elec. 

trically sintered magnesia bonded with water ground electrically 


sintered magnesia. The practice employed consisted in melting 
a charge of desired composition directly under the are without an 
intervening slag either for protection or the removal of impur- 
ties; with the exception of ferrochromium, ferrovanadium ani 
ferrotantalum and half the required ferromanganese and ferro. 
silicon, all raw materials were charged at one time and the fur- 
nace was well sealed during the melting stage. American ingot 
iron was used as a base, and chromium, vanadium and tantalum, 
when required, were added a few moments before tapping. Halli 
of the ferro-alloys of manganese and silicon were added with a 
small amount of aluminum in the ladle. 

The metal was generally tapped hot enough to permit hold- 
ing in the ladle for a few moments before casting into 55-pound 
ingots having a top section about 3 inches x 3 inches and a length of 
22 inches. A split iron mold was used in which the ratio of 
mold to ingot weight was about 1.9; in practically all cases hot 
tops were employed and a top discard made of from 1( to 2) 
per cent. 



















*H. W. Gillett and E. L. Mack: Experimental Production of Alloy Steels, Bureau o 
Mines Bulletin 199 (1922). 
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LV. ForGING oF THE INGOTS 


. 


Ingots were annealed by heating for from 11% to 2 hours at 
1700 degrees Fahr., followed by furnace cooling. Subsequent- 
ly, all surfaces were ground or machined to remove defects. Forg- 
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ing was carried out in two steps at the U. S. Naval Gun Facto 
the ingots were first reduced to bars about 2 inches by 2 ineho 
then reheated and reduced to the final size of 34 inch by 41, 
inches. Forging was done with a 1700-pound steam drop ham. 
mer, and temperatures were controlled by an optical pyrome; 

Two-stage heating was used for all forging operations. 
eral the metal was charged into a cold furnace and slowly heateq 
to a definite temperature between 1450 and 1600 degrees Fahy 
then introduced into the high-heat furnace, and removed 


t dS Soon 


as uniformly heated to the desired forging temperature. The jy. 
tial temperature of forging was kept between 2100 and 2200 ¢p. 
grees Fahr. and the finishing temperature between 1700 and 180 
degrees Fahr. A detailed record: of the first reduction of some 
of the ingots is given in Table II and will show the care je) 
in the preparation of bars from which the lathe tools were takey 
Forged bars were annealed by heating for about 3 hours at either 
1600 or 1650 degrees Fahr. and furnace cooling. 


V. PREPARATION OF THE TOOLS AND METHODS oF TEST 

The lathe tools had a cross section of 14 inch by 14 inch, and 
the methods of heat treatment were identical with those used in 
previous investigations which have already been described in de 
tail. Tools were ground to front and side clearances of 6 d 
grees, side slope of 14 degrees, back slope of 8 degrees, and had « 
nose radius of 14 inch. The top surfaces of the tools were ground 
on metal coming from the outer section of the larger forged bars 
from which the tools were cut. 

The cutting angle (tool to surface of test log) was 90 de. 
grees, and the tool nose was set at dead center. Except whe 
otherwise indicated the tools were run dry at 85 feet per minute, 
calculated at the bottom of cut, with a feed of 0.028 inch and a 
depth of cut of ;4; inch. The chemical and physical properties 
of the test logs used, which were all taken from one large forg- 
ing are given in Table III. 


In Vey). 


Vi. EXPERIMENTAL RESULTS 
1. Comparison of Experimental and Commercial Steels of 
Similar Compositions 
As already pointed out tool life may be materially affected 
by variations in factors other than chemical composition, so tha! 


*H. J. French, Jerome Strauss and T. G. Digges: Btew of of Heat Treatment on Lathe Tol 
Performance and Some other Properties of High Speed Steels. Transactions, A. 8. 8. 7} 
p. 355 (1928). 
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, will be well to first consider the relation between the experi- 


yental and similar commercial steels. Variations in the ‘‘qual- 


4’ factor are probably at a minimum in the various experimen- 
1s] heats as these were all made, with one exception, from the 
«me raw materials, by the same operators in the same equipment 
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Graphical Comparisons of the “Taylor Speed” of High Speed Steels of Vari- 

The Figures Given at the Left Side of the Chart, Above Each Black Line, as 
for ‘‘2400—1100,’’ refer Respectively to the High Heat Temperatures Used in 
Hardeni ing “and Subsequent Tempering. All Temperatures are Given in Degrees Fahr. For 
Details of the Conditions of Test and Other Data refer to the Text of the Report. 


and by as nearly the same methods of melting, 
ment as possible. 


forging and treat- 
The point of particular interest is how real, 
in relation to current commercial steel performance, are the 
changes to be described from variations in the chemical compo- 
sition. 

As is shown in Table I the majority of the experimental 
leats are higher in silicon than the commercial steels, and con- 
tain up to about 0.6 per cent. Likewise four contain high phos- 
phorus and sulphur. These latter elements were inadvertently 
introduced in large quantities by the first lot of ferrovanadium 
employed (it will be noted that steels with 2 per cent vanadium 
have about twice the proportions of phosphorus and of sulphur 
a do the steels with 1 per cent); another lot of ferrovanadium 
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was used for the remaining heats and these have more 
customary amounts of phosphorus and sulphur. 

It will be evident from examination of Table IV, that 4, 
tool performance is not appreciably affected by these : 
in composition. For example, the experimental high tunggte, 
low vanadium steel (E 21) has only slightly shorter life thay tj, 
commercial steel of the same type; the performance of the i 
perimental low tungsten-cobalt steel (E 15) is for all practicg 
purposes identical with the commercial low tungsten-hich yano. 
dium steel (L), similarly heat treated, and the two nickel-bearing 
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Table IIT 
Mechanical Properties of the Test Logs Used for Lathe Tests 
Test values at a diameter of 
Properties 9.5 inches 5 inches 
Prop. limit, lb. per 6q. in............. 25,000 51,000 
eee PORES, Te, GT OG, The sos sooo eee 53,700 52,700 
1 Tensile strength, lb. per sq. in......... 87,300 87,3 
Breaking strength,’ lb. per sq. in...... 152,800 146,31 
Elongation in 2 inches, %............ 29.5 29.0 
Reduction of area, % ...........e0e. 55.7 32.7 


Relative area under stress-strain curve 
Oy SE UU oes odes cuins genes ‘ 

Brinell hardness number ............. 169 

1The chemical composition of this material is as follows: 

C, 0.31%; Mn. 0.56%; P. 0.040%; S. 0.027%; Si. 0.81% ; 
Ni, 3.27% ; Cu. 0.26%. 

Prior to test it was annealed by heating approximately 4 hours at 14¢ egrees 
Fahr. and then cooling in the furnace. 

*This is the unit load at moment of fracture and is equal to the total | 
by the reduced area of the fractured section. 


heats of the same type-(E 14 and E 41) have respectively slightly 


shorter and a little longer life than this commercial product. 
S lations xist are n vi ither from the 
Such variations as exist are not large, viewed eith m the 
life of the tools or the ‘‘Taylor speed’’* and it may, therefore, 


be said that the experimental heats of similar compositions ar 
generally comparable, insofar as roughing lathe tool performance 
is concerned, to good commercial steels. 


2. Effect of Nickel and of Cobalt in High Speed Sieels 
No unusual characteristics were observed in the melting, cast 
ing or forging of the high speed steels containing nickel or cobalt 


As far as could be determined these behaved exactly like similar 
‘The “Taylor speed” is the speed which causes the tools to fail in exactly 20 minute 

If the life of the tools is known under fixed cutting conditions the Taylor speed may & 

calculated from the equation: 

a constant 


Data from which this equation was developed will be presented in a subsequent report 
values here used have been so calculated. 
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steels free from or with less than a few tenths of one per cent of 
these elements. 

It will be noted from comparisons given in Table IV that 
provided the same heat treatments are used no appreciable change 
in tool life (or Taylor speed) is produced by the addition of 
31-334 per cent nickel to either the low tungsten or high tungsten 
types of high speed steel. The performance of the first seven 
steels shown at the top of Fig. 2 is characteristic of the tungsten- 
vanadium content and not materially affected by either the pres- 
ence or absence of nickel or cobalt (refer to the vertical dotted 
lines in Fig. 2). Certainly nickel does not in these steels exert 
a deleterious effect upon tool life or the speeds which can be 
used in rough turning but it is responsible for other undesirable 
effects which will shortly be discussed. 

Hoffman® reported tests of a high tungsten-low vanadium 
steel containing about 134 per cent nickel. He stated, ‘‘Steels 


of this type did good work in ordinary shop practice but when 
subjected to fast heavy work they were no better than standard 
high speed steel.’’ 


While the authors’ tests and those mentioned by Hoffman 


show no marked change in the performance of finished tools there 
is evidence that the introduction of appreciable proportions of 
nickel adversely affects the machining qualities of the metal. It 
was found impossible to machine heats E 22 and E 14 (which 
contain no more than the customary proportions of carbon), either 
in the east or forged conditions even after prolonged annealing. 
For this reason the lower carbon heat, E 41, was made. This 
showed somewhat longer tool life than the steel with higher car- 
bon (it also has lower phosphorus and sulphur) and could be 
machined without difficulty after annealing; however, it was not 
“soft.’’ Thus one of the undesirable effects of nickel additions 
is to make difficult or impossible the machining of such high speed 
steels of otherwise ordinary compositions, but this may be coun- 
teracted to some extent by reducing the carbon content to about 
0.5 per cent. 

The hardness values of heat treated high speed steels con- 
taining 334 per cent nickel and the changes in hardness upon tem- 
pering appear to be about the same as those found in similar 


"Discussion of report by J. A. Mathews: Modern High Speed Steel. Proceedings, A. S. 
T. M., 19, p. 178 (1919). 
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steels without nickel or with cobalt when the Brinell, Shore and 
Rockwell methods are used. Typical hardness test results which 
an be compared with data on the customary compositions, already 
published, are given in Fig. 3. 

As is well known, small proportions of nickel, of the order 
of a few tenths of one per cent, are frequently found in commer- 
jal high speed steels. In view of the described results it is not 
to be expected that as an impurity in the specified quantities 
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Ss Ss Fig. 3—Rockwell Hardness Values (‘‘C’? Seale) of Various High Speed Steels 
fo Heat Treated in Various Ways. The Numbers Placed on the Curves Represent 
‘ e High Heat Temperatures (in Degrees Fahr.) Used in Hardening. For the 
e § : Compositions of the Various Steels refer to Table I. 
“ae nickel will noticeably affect the handling of the metal or con- 
is * tribute to any extent to changes in performance of tools for rough- 
E ing work. This comment is made, as there has recently been 
a § tormed by the American Society for Testing Materials a com- 
c * mittee to study the effects of nickel, copper, tin and other ele- 
Z ; ments which may be encountered as impurities in commercial 
a production of high speed steels. 
Sm! Mention has already been made of differences in opinion on 
= een the value of cobalt additions to the customary types of high speed 
~ Fee steels. In commercial material from about 3 to 5 per cent is 
ga - found. The authors’ previous investigations have led to the con- 
cry clusion that distinet benefits are derived but these have been 


1 
la 


entirely associated with modifications in heat treatment. As low 
tungsten-high vanadium steels with cobalt are not regularly man- 
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ber 


ufactured most of previous work has been with the high -tungstey 
cobalt type. It is therefore, of interest to point out aga at this 
time that the performance of the low tungsten-cobalt he E 15 


low Tungsten ~ high Voredium Stee/s 


(Type 13W-4cr-2v) 








| high Turgsten ~ low Vanadium or 
+ Molybdenum Slee/s 
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— (Type 18 l-46r-Wv. 








Taylor Speed -f4 per min 
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Quenching(bigh-heatl Tren Le ature ~ beg far 


Fig. 4—Effect of High Heat Temperature Used in Hardening 
on the “Taylor Speeds’ of Various High S Steels. Dotted 
Lines Between Hollow Circles Represent Steels Tested in Another 
Investigation (Refer to Footnote (3) of the Test). These Steels 
were Tested on Different “logs,” Having Somewhat Higher Hard 
ness, than those Used for the Special Steels in this Investigation 
which are Represented by Solid Lines Between Solid Circles 
Direct Performance Comparisons Should therefore not be Attempted 
Between Steels of the o Groups. Subsequent to Hardening al! 
Steels Were Tempered for about 30 Minutes at 1100 Degrees Fahr 


is no better than the same steel without cobalt when heat treated 
in the same way. 

To obtain advantages from the customary cobalt additions 
higher temperatures must be used in hardening, as is shown by 
the high-heat temperature-‘‘Taylor speed’”’ curves given by 40: 
ted lines between hollow circles in Fig. 4. These steels were tested 
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‘na previous investigation® on various nickel steel test logs hav- 
ing tensile strengths between about 100,000 and 125,000 pounds 
per square inch. Numerical values for the Taylor speed must not 
be directly compared, one steel to the other, or with the special 
alloys made up for this investigation, which were tested on softer 
logs. However, the curves do show the effects on performance 
of variations in high-heat temperature and it is for this reason 
that they are reproduced. 

As shown in Fig. 4, the addition of about 3.7 per cent of 
nickel to the customary high speed steel compositions produces 
effects similar to those from like amounts of cobalt. The peaks 
of the high-heat temperature-Taylor speed curves occur at about 
equal temperatures some 50 degrees Fahr. above those in like 
steels without nickel or cobalt. Thus to develop best perform- 
ance, higher temperatures must be used in hardening the steels 
with nickel just as for steels containing cobalt. 

Cobalt high speed steels are known to react more slowly in 
heat treatment than the customary steels and have, therefore, 
been referred to as ‘‘sluggish.’’ To this feature may be ascribed 
the necessity for higher hardening temperatures and, likewise, 
the better performance. The various constituents, once brought 
into solution by higher temperatures or longer times at tempera- 
ture or both, are not so readily reprecipitated under otherwise 
comparable conditions. Both nickel and cobalt appear to exert 
like effects in this respect. 


" 


3. High Speed Steels Containing Molybdenum 


Since Taylor’s investigations considerable attention has been 
given to the use of molybdenum in high speed steels usually as 
a complete replacement of tungsten; additions or partial re- 
placements have, however, also been considered, and are now 
found in some commercial products. It is not practicable to in- 
clude in this report a detailed review of the numerous publica- 
tions relating to this subject; instead a brief summary of im- 
portant features will be given. 

Molybdenum when present in sufficient amounts imparts to 
steel the properties of ‘‘red hardness’’ but its use in place of 
tungsten (in the eustomary types of steel) has not yet passed 
much beyond the experimental stage. Its effectiveness in permit- 


_—.. 


"Refer to footnote 3. 
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ting tools to operate under the most severe conditions S; per. 
haps, well shown by the fact that similar results have heen 9}. 
tained with about 7 per cent molybdenum as with 2 or 214, time 
this amount of tungsten. However, such steels have certain 
marked disadvantages; the molybdenum has a tendency ; 
‘“‘sweat out’’ during the progress of manufacture subsequent { 
melting, and difficulties have been encountered in reproducins 
good tool performance from successive heats of steel. To over. 
come this the addition of cobalt has been suggested as a ‘‘stahjj. 
izer’’ but it is not clear by just what mechanism such a reg) 
is obtained, if at all. 

In the two molybdenum steels considered in this report on 
has a complete replacement of tungsten in the ratio of one par 
molybdenum to 21% parts of tungsten; the second has a partial 
replacement of tungsten (6 per cent) with about half as much 
molybdenum. Both are modifications of the commercial high 
tungsten-low vanadium type of steel. Unfortunately, however. 
the tungstenless heat is low in vanadium so that a somewhat 
poorer performance would be expected than if the customary one 
per cent were present. While tools made from this steel are in 
ferior to the customary commercial types when quenched from 
temperatures around 2400 degrees Fahr. and subsequently tem 
pered at 1100 degrees Fahr., their performance is much less de- 
is the case with the tungsten steels, and so with the low harden- 
ing temperatures show somewhat longer life than the latter. This 
is well shown in Fig. 4. 

Tools made from heat E 31 in which about 3.4 per cent 
molybdenum has replaced about 6 per cent tungsten show slightly 
longer life than tools of the ‘‘standard’’ 18 per cent tungsten 
type, but this appears to be offset by difficulties encountered in 
forging. 

The same practice and careful control were meaintained 1 
forging the molybdenum steels as with the other alloys, but in 
both heats the ingots cracked badly and only a small proportion 
was secured in final bar form. The tungsten-molybdenum steel 
(E 31) was, perhaps, much the worst in this respect as the ingot 
split under the first few light blows of the hammer. Possibly 3 
modification in forging practice combined with changes in melt- 
ing would have been productive of better results, but it is clear 
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that these molybdenum steels are more sensitive to working con- 
jitious than the ordinary types of high speed steels. So-called 
‘gweating out’’ of the molybdenum visible by the thick bluish 
smoke arising from the steel, was only observed during forging. 

In brief, these tests confirm the present more or less general 
viewpoint that molybdenum as a replacement of all or a large 
part of the tungsten in the current commercial types of high 
speed steels is not desirable. 

Since carrying out these tests Hohage and Griitzner’ pub- 
lished data for a variety of high speed steels of special compo- 
sition and it is interesting to note that their results also show 
no advantage in replacing part of the tungsten by molybdenum. 
Two of their steels may be referred to for comparison, as follows: 

Steel C Cr WwW Vv Mo Relative 


% % % % % performance 


0.79 3.18 12.40 0.52 3.98 1.00 
0.63 3.14 18.70 0.49 ea 1.02 


The Rockwell hardness values of the molybdenum steel 
tungstenless), E 29, when hardened and tempered in various 
ways are given in Fig. 3. Rehardening upon tempering and the 


numerical values obtained are quite similar to those for the cus- 
tomary types. 


4, Steels with Tantalum (and Columbium) 


The use of tantalum in tool steels is a subject which has so 
far received little attention. Sometime ago verbal reports were 
received by the authors concerning investigations carried out in 
England in which it was said that fairly satisfactory performance 
was obtained; however, no details were forthcoming. G. L. Kel- 
ley’ mentioned attempts to use tantalum and stated, ‘‘From its 
position in the periodic table, this (tantalum) might be expected 
to show effects similar to those of vanadium. Our experiments 
so far, however, have not shown any advantage to attend its use.’’ 
More recently experiments have been in progress at the plant 
of an American manufacturer without any better results. 

As practically no experimental data were available from 
which to determine the best lines of investigation, three heats were 


_. ‘R. Hohage and A. Grtitzner: Schneidversuche mit Schnellarbeitsstahlen, Stahl und Bisen, 
ly 9, 1925, p. 1126. 


_—.. 


‘Refer to footnote 5, p. 158. 
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ember 


made, in one of which (E 16) 2 per cent vanadium was 

by about 5 per cent of tantalum (plus columbium) ; in t 

two these elements replaced tungsten as shown in Table 
Ferrotantalum of the following composition was usec 


teplaced 
Other 


Carbon 0.21 % 

Manganese 2.54 % 

Silicon 3.38 % 

Phosphorus and Sulphur—each low 

Tantalum 72.2 % 

Columbium 8.9 % 

Tin less than 0.1 % 
This was in granular form and was added in a sheet-steel cop. 
tainer to the molten metal a few moments before tapping. Care 
was taken to ram this well below the surface of the bath as ay 
aid in minimizing losses due to oxidation and to help introduction 
into the steel. Due to inexperience or unsatisfactory control the 
losses from the calculated proportions of tantalum and colum. 
bium were quite large in the first two heats. The recovery was 
only about 80 per cent but increased to 97 per cent in the third 
heat made. 

As will be noted from the reported compcsition of the ferro- 
tantalum used, there is present approximately one part of colum- 
bium for every eight parts of tantalum. While the steels will 
subsequently be referred to as tantalum steels it is to be under 
stood that they also contain columbium. This element, if reco\ 
ered in the same proportion as tantalum, is present in the stee! 
in an amount equal to about */, of the total percentages given in 
Table I. 

Tools first made from these steels were heat treated in an 
ordinary manner and under such conditions best performance 
was shown by E 16 in which the tantalum replaced the vana- 
dium. However, even this steel is much inferior to the current 
commercial types for roughing tools, as is clearly shown in Fg. 2. 
Heats E 23 and E 42, in which tantalum has replaced respectivel) 
all and part of the tungsten, were worthless. Steel EF 42, a 
chromium-tungsten-vanadium-tantalum steel, was the worst and 
would not cut at all; the whole front and side of the nose was 
rubbed off by the first thin chips as the tools were fed in by hand 
preparatory to taking a full cut (Fig. 5). 

Upon investigation it was found that no appreciable hard. 
ening had resulted from preheating for 20 minutes at 160 de 
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s replaced grees Fuhr. followed by introduction into a high temperature fur- 
' Other nace at 2400 degrees Fahr. for 114 minutes and quenching in oil. 
Me The tools had a Rockwell hardness (‘‘C’’ seale) in the neighbor- 
hood of 28 and an equally low Brinell hardness number. 
With 14 inch by ™% inch tools and the equipment and pro- 
sedure employed, the specified time at high heat is ample for the 
ajstomary types of high speed steel, but it was recognized that 


Steel con- 
ng. Care 
ath as an 
troduction 
ontrol the ie - 
1d colum- re 
Overy was 
Comparison of the Failure of Ordinary High Speed Steel Tools with Those 


the third rom Heat E 42 which could not be Hardened. A—a New Tool; B—High Speed Steel Tool 
{ Composition after Failure; C—Tool from Heat E 42 after Failure. 


the ferro. this might not be so for the tantalum steels. Accordingly a set 


of colum- of quenching experiments was made, in which steel E 42 was 
steels will subjected to different high heats between 2300 and 2600 degrees 
be under. Fahr. for various periods between 114 and 15 minutes both with 
and without preheating at 1600 degrees Fahr. At the highest 
temperatures where the steel had partially melted at the corners 
Rockwell hardness (‘‘C’’ seale) as high as 50 was obtained, but 
at all other portions of the specimens no appreciable hardening 
resulted. 


if reco\ 
the stee| 


S given in 


ted in an 


rformance Tools so treated had a very coarse fracture, were extremely 


brittle and refused to cut. They either immediately broke in the 
1é current body or the nose was rubbed off as previously described. 
in Fig. 2 An inerease in time at high temperature was also tried for 
the chromium-tungsten-tantalum steel (E 16). The tool life was 
slightly increased, from an average of 2.2 to about 3.3 minutes, 
but the steel was exceedingly brittle and in practically all cases 
broke in the body at the moment of failure of the nose. 
Rehardening upon tempering was shown in the chromium- 
tungsten-tantalum steel (E 16), but not in the chromium-tanta- 
able hard. lum steel (E 23), which would not cut (Refer to Fig. 3). The 
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1600 de atter decreased steadily in hardness as the tempering temper- 
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ature was increased; both showed somewhat lower va 
the customary high speed steels. It should be noted 
maximum rehardening upon tempering in steel E 16 occurred 
at about 1000 degrees Fahr., roughly 100 degrees Fahy. 
than in ordinary high speed steels similarly hardened. 
Further work is in progress with this and other special 
steels containing tantalum and, therefore, no conclusions wil] }, 
drawn at this time. However, the described experiments soy 
to indicate that large proportions of tantalum are to be avoided 
Possibly smaller proportions in steels which do not differ 4 
widely from the current types will be productive of better y. 
sults. 


les than 


that. the 


lower 


VII. SuMMARY AND CONCLUSIONS 






While this is a preliminary or progress report, a number of 
conclusions may be drawn and are included in the summan 


below. 

1. Roughing lathe tool performance of ordinary oy 
tungsten-high vanadium and high tungsten-low vanadium bizh 
speed steels was not materially affected by the addition of 37 
per cent of nickel, a like amount of cobalt or the replacement of 
part of the tungsten by molybdenum, but under the same heat 
treatments was characteristic of the tungsten-vanadium content. 


2. To develop best tool performance higher hardening tem 
p g 


M- 
peratures were required for the steels containing nickel than 
those without appreciable proportions of this element. In this 
respect nickel and cobalt are alike and the peak of the high-heat 
temperature-‘‘Taylor speed’’ curves was found at approximately 
equal temperatures, some 50 degrees Fahr. higher than in the 
customary compositions. Nickel, however, adversely affected to 
a greater degree than cobalt, the ‘‘machinability’’ of the high 
speed steel. Two of the steels with nickel were non-machinable 
but this undesirable feature was overcome, without adversely af. 
fecting tool performance, by reducing the customary 0.6 to 07 
per cent carbon to 0.5 per cent. No unusual characteristics were 
developed in the forging of these steels. 

3. Confirmation was obtained that molybdenum is not prom- 
ising as a replacement of a large part or all of the tungsten in 
high speed steels. In one steel in which 3.4 per cent molybdenum 
replaced 6 per cent tungsten, slightly better tool performanc 
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was obtained than with the customary high tungsten-low vana- 
jium steel, but this appeared to be offset by difficulties encoun- 
seal in forging. A steel in which 18 per cent tungsten was re- 
placed by about 7 per cent molybdenum was affected to a much 
analler degree by the high-heat temperatures used jn hardening 
‘han are the customary commercial high speed steels. ‘‘Sweat- 
ng out’? of the molybdenum was only observed during forging. 

4. Of three steels in which tantalum and columbium were 
gibstituted for other elements only one, containing about 3.5 
per cent chromium, 11.5 per cent tungsten and 5 per cent tan- 
‘alum in place of 2 per cent vanadium, showed ‘‘red hardness,’’ 
e, eutting ability of the nature of ordinary high speed steels 
and its performance was relatively poor. The other two would 
not cut and one of these could not be hardened. 
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Discussion 


J. P. Gma—About four or five years ago the company with which the 
speaker is connected worked almost a year and a half on tantalum high speed 
steels. This company probably made up as many as one hundred different 
omposition high speed steels containing tantalum, tungsten, chromium, vana- 
dium and cobalt. Some of the heats made were as large as 7000 pounds. Lathe 
tests Were run, many physical tests were made and it was found that several 
of the steels compared favorably with some of the regular high speed steels in 
commercial use today, but these steels were no better than the same steels with- 
out tantalum. We did not find any steels that were better than the regular high 
speed steels. Many things were learned in regard to the use of tantalum. 
The manner of introducing the tantalum into the steel and the form of the 
tantalum in the alloy apparently affected the results. The tantalum steels 
Were found to be very dirty and full of oxides even when melted under the 
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best of conditions. Even in view of this fact, however, the tant: 
seemed to be tougher than the standard types of high speed steel 

Dr. J. A. MarHews: I would like to ask Mr. French whethe: 
of samples for the molybdenum determination were they taken fro: 
tools. 

H. J. FreNcu: We took the forged and annealed bar and 
pickled it in an ammonjacal citrate solution to loosen the adheriny 
mediately below which our first cut was taken. There was no 
solution of the steel as far as we know, and it was necessary to a 
loose the scale which was loosened by the pickling solution menti: 
was not done on the ground tool, but on the forged bar which ha 
nealed. 


Dr. J. A. MATHEWS: If you do not find a loss by analysis, 



























































H. J. FRENcH: Perhaps you can tell us, Doctor. 








Dr. J. A. MATHEWS: I have always assumed that it was moly| 
oxide. In hardening straight molybdenum high speed steels, I | 


hich 


there is usually found a bark with a bright crystalline fracture some: 




















the seale from molybdenum? 

H. J. FRENCH: No, we did not analyze the seale. To do that 
require considerable material, and to get the molybdenum pe 
would also have to make an oxygen determination and attempt 
what form of oxide we had on the surface, and that.is not an . 
like making a plain molybdenum determination. 

CHAIRMAN SCHWARTZ: I have one question. There is a writ' 
to please discuss nickel in high speed steels. ‘‘Do you find 3.75 
nickel not to be harmful, while nickel is ordinarily held to be 
Do you wish to take that up at this time? 

H. J. Frencu: Yes. As shown in the report, the additi 
per cent ni¢kel did not have a noticeably harmful effect on hig! 
tool life in roughing cuts, but it has a tendency, which is m 
























































itself non-machinable. We noticed no unusual characteristics in t!. 
or the treatment of the nickel steels, but with normal carbon 

















to machine one of the nickel-bearing steels even after prolonged ann 








the carbon reduced from 0.70 to 0.50 per cent, we found a marked 
ment in the machinability; this steel was not so soft as the same ste: 
the nickel, but it was sufficiently soft and machinable so that or 
ting operations could be carried out with comparative ease. 

We must remember that we are dealing with an alloy contain 
cent tungsten, about 4 per cent chromium and 1 per cent vanadi 
22 to 25 per cent of alloying elements (other than iron and ¢a 




















east antimony, but I have never analyzed it to see what it was, altho 
have assumed that it was due to loss of molybdenum. Were analyses mad 


yellow smoke that arises when molybdenum high speed steels are forved 


than a similar tendency noticed for cobalt, to make the high spec 
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ay lition of small amounts of other elements is not in many cases 
expected to show such marked changes on physical properties as sim- 


ns would show in the case of plain carbon steels. Manufacturers 
for years emphasized the fact that quality, or those factors other than 






mposition, were as much, if not more important than the chem- 





try, and our results for nickel and other additions appear to check, at least 
+. that viewpoint. However, some changes in chemical composition are 





ery great importance as, for example, the tungsten-vanadium relations; 
-o control to a large degree, for steel of a given quality, the tool life. 
» recent German work, which has just been published, it has been shown, 
in the 13 per cent tungsten type of high speed steel, about 2 per cent 
lium—these are rough figures—gives the best too! life. The curve of tool 
jife versus the vanadium content increases up to about 2 per cent, and 













eafter it does not increase so rapidly, or may decrease,—I do not re- 





member the actual figures. With the 18 per cent tungsten steel type, about 


ner cent was found to be the best. You tay remember that Mr. 






\rcambal mentioned the change recently inaugurated by some of the manu- 

rers who have raised their vanadium content in the standard 18 per cent 
csten steels from about 0.75 per cent to 1.00 to 1.20 per cent. Those two 
pendent sourees of information checked up very nicely. 






However, nickel, 
n added to high speed steels, is on a different basis than for ordinary 
steel or steel with lower proportions of alioying elements. 







MBER: In adding 3 per cent of nickel to standard high speed 
s, on annealing, we eould not get the Brinell below 600. We could file 
could not drill or machine it. We hardened it at temperatures up to 2400 
legrees Fahr. and could never get it file hard. The Rockwell was around 50, 
as high speed steel is around 65. It was very, very brittle in the annealed 
tion, that is, to the impact test. The carbon was 0.65 to 0.70 per 
ith the tungsten around 18 per cent, chromium about 4 per cent and 
lum J per cent. 








We were unable to anneal it, and I might say the 

shrinkage was very great. On high speed steel of standard analysis the 

usity after hardening is less than in a similar steel containing from 1 to 
r cent nickel. 

A. H. Kinesspury: Over 0.50 per cent nickel in milling cutters, forming 

ils, ete., is detrimental. 







I have had several experiences with that. 

H.C. BAIN: I was glad to hear what Mr. French had to say about his 
ualysis for molybdenum. The amount of oxide smoke which is given off from 
molybdenum at higher temperatures is highly misleading. 


ata 
Alt 








Its volume would 






in the ease of swaging pure molybdenum metal that one was in im- 
nent danger of losing the entire bar, but the actual loss is negligible. In 
first place, molybdenum metal is not very volatile itself in the elemental 
state. The oxide is quite volatile. Even in vacuum at 3,000 degrees Fahrenheit 
molybdenum is volatilized very slowly. In the case of the steel, we should 
t, inasmuch as the molybdenum is alloyed, that it would probably have 
till lower vapor pressure and volatilize still more slowly. 
That we should find that the amount of molybdenum in succeeding layers 
‘ essentially identical is to be expected for another reason, that molybdenum, 
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tungsten and chromium are alike in one respect, in fact, it m 
speed steel is due entirely to this effect, that is, that tl 


ul 


slowly, they have a very, very slow rate of diffusion, are 
diffusion of an iron material. Now, if the molybdenum e¢: 


so very slowly in steel, then we shouldn’t expect that w: 
a very long gradient in composition between the outside fron 
removed and the inside. As a matter of fact, all this 
comes from that part of the molybdenum which has already 
in the seale on the surface of the metal. 





HERMAL DISTURBANCES AND RECRYSTALLIZATION 
IN COLD-WORKED STEELS 


By V. N. KRIvoBoK 


Abstract 


metals, from 0.50 per cent carbon steel down to 
iron are worked at room temperature and sub- 
‘y thermal analysis, they all show an evolution 
' below the critical range, this evolution creating 
critical curve a point similar in every respect 
ndard eritical points, but opposite in sign. It is 
trarily designated the ‘* Ax’’ pornt. 
The position of the point is not always constant 
vl fired. 
The Ax point is not of the reversible type: it dis- 
iypears entirely after the first heating of the cold- 
hed sample. Hence its appearance must be closely 
fed with the specific properties imparted to a 
hy cold working. 
it seems quite reasonable to assume the Ax point 
indicates both recrystallization and a relief in internal 
The conclusions arrived at are based on the actual 
ihservations during the thermal analysis. Most of the 
ives that resulted from such an analysis are repro- 


cd in the paper, as also are the results of micro- 
eramination, 


seneral conception of recrystallization as applied to cast 
eat treated steels is that the steel is heated above the 
range, well within the area designated on the tempera- 
as the ‘‘granulation’’ zone. 
‘ase of eold-worked metals, heating below the range is 
to be sufficient to cause certain changes in the structure. 
these struetural changes oceur only in the cold-deformed 
ttals, they must be closely connected with the characteristic 
properties of such metals. The most characteristic property, which 
‘uli be conveniently ealled ‘‘the metastable equilibrium,’’ is im- 
to metals by eold-working. 
Any 


hange in the conditions of such equilibrium, brought 


or, Dr. V. N. Krivobok, member A. 8. 8S. T., is research asso- 
of Metallurgical Research, Carnegie Institute of Technology, 
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about by artificial means, must result in the liberation 
tain amount of internal energy, temporarily ‘stored in 
worked metals. It was thought that the freeing or libepat; 
of such energy could be detected by some method of an lysis, 

It occurred to the writer that a piece of ordinary hypoe 
tectoid cast steel with a well developed structure, characteris 
of such steel, would furnish a suitable sample for the experiney; 
planned. An ordinary commercial steel with 0.50 per 


‘ent (‘a] 


bon was obtained and a piece of it, approximately 14x1/x1] 


Ne] 

eut off. This piece was hammered under a steam hammer yp; 

its cross section had been made ;);x;°s inch. Care was tal 

the blows of the hammer should be quite gentle; if this particu 
precaution were duly observed no cracking or other damage 
noticed. From this ‘‘cold-worked’’ piece an ordinary sam) 
such as is used for the determination of critical points in ste 
was turned. 

For the thermal analysis was used a Leeds and Northry 
transformation point apparatus, which employs two 
couples and a neutral body sample holder. The sensitivity 
made as large as possible without running off the chart wl 
recording the standard critical points of the samples studi 
An attempt was made (without resorting to special conditions 
to maintain uniform heating and cooling of the samples. Heat 
ing from 500 to 1500 degrees Fahr. required ninety 
and cooling two hours. 

In Fig. 1 are reproduced the critical curves of a sam| 
of the ‘‘as cast’’ steel already mentioned, having a carbon content 

" of 0.50 per cent and cold-worked as described. The heating curv 
proceeds normally until a temperature of about 1200 degrees 
Fahr. is reached. At this point a rather sudden thermal distur 
ance takes place. This disturbance consists of a quite noticeal) 
evolution of heat: this evolution is registered on the curve as 
well developed critical point, but, naturally, opposite in sign ( 
the points ordinarily observed. On cooling no similar disturbance 
takes place, which indicates that the newly observed thermal poi! 
is not the manifestation of a reversible allotropic transformatio 
In order to substantiate this observation a second sample of th 
same’ steel was similarly treated and a thermal curve was taken 
The same point was again observed, although its position on the 
temperature scale was somewhat elevated. From the curve Pig. 
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in be estimated as taking place near 1270 degrees Fahr. 
\ cooling curve was run on the same sample and again no evi- 
ii of the new point on cooling was found. The sample was 
allowed to remain in the furnace over night without disturbing 


itivitv SAMPLE "D". 
; 0.60% CARBON STEEL 
‘hart whe COLD 40RKED. 


eS) Study 


conditions 
COLD WORKED. 


les. Heat 
Bos" TING APTER COLD #ORKING. 





ty min ++sCOOLING POLLOVING HEATING. 
mu 
, +»SECOND HEATING APTER PURNACB 
HAS: ATTAINED ROOM TEMP ARATURE. 


| a Sal} { Fig 1 Fig. 2 


bon content 
either the sample or the thermocouple in any way, and the heat- 


ing curve was again followed. This time the point observed 
on first heating failed to appear. These observations favored the 
idea that the observed point is related to the changes taking place 
on heating a cold-worked metal. For convenience this point will 
be called ‘‘Ax.’? It disappears and never re-appears after the 
etal is once heated through the critical range. In order to be 
sure of the correctness of this deduction a third sample of the 
asformation sume steel was prepared by cold working it, as previously de- 
th vribed, but then annealing at 1600 degrees Fahr. before prepar- 
mean tolken ing the sample for eritical point determination. Fig. 3 shows 
ition on the that no disturbance corresponding to ‘‘Ax’’ ould be found. 

The writer would like to mention here that the curves so far re- 


ating curv 
200 degrees 
nal distur 
e noticeable 
curve as 


. in sign to 


disturbance 


ermal point 


mple ot 


eurve (Fig. 
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produced, as well as those that are to be shown later, were d. 
experimentally several times with the same final results. 

It seemed advisable to investigate, under similar cond 
the behavior of steels which differed, both in carbon 
and in the treatment which they previously received. | 


LONS, 
tent 


rbon 


SAMPLE “D". 
0.60% CaaBON STEEL. 
COLD #ORKED AND ANNEALED. 


AMPLE 

O. S08 CARBON STEEL. severst 
#ORKED-CURVE “I”. 

ROOM TEMPERATURE aNoT 


KES + CURVE "2". 


Fig. 3 Fig. 4 

steel of 0.30 per cent carbon, hot-rolled, was selected for the pu 
pose. A piece of this 0.30 per cent carbon steel was cold-worked 
from 1% inch round to ;s inch square and the critical point 
sample was prepared. The curve 1 (Fig. 4) taken from this cold 
worked sample shows distinctly a critical point ‘‘Ax,’’ which 1s 
located at about 1180 degrees Fahr. The cooling curve taken from 
the same sample (not shown on Fig. 4) showed no corresponding 
thermal disturbance. Similarly, when the same sample of steel. 
undisturbed in any way, was again heated up, nothing unusual 
happened, the heating of the sample proceeding uniformly an( 
smoothly until the ordinary A, point was reached. (curve * 
Fig. 4). A sample of the same steel if annealed after cold 
working shows no anomalies during the thermal analysis: | can 


be seen from Fig. 5 that the thermal critical curve of this san 





lved 


itions. 
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shows the A, point on heating and cooling and probably the com- 
pined A,-A, point and that no thermal disturbance of any nature 
rakes place until A, is reached. 

(i is known that certain metals subjected to ecold-working 


SaMPlg “p” 
0.50 % CARBON STEEL 
ANBBALRD APTER COLD DRABING. 


ample "D” 


C.eteel cold rolled. 


Fig. 5 


ndergo gradual changes in their properties even at room tem- 
perature, if given sufficient time. These gradual changes are be- 
lieved to be connected with the change in internal energy im- 
parted to metals during cold-working. If the thermal disturbance, 
leseribed here in cold-worked metals and designated as ‘‘Ax,’’ is 
the manifestation of a certain change in the internal energy only 
such a change tends to establish an equilibrium), then in the 
‘se Of steels cold-worked and then ‘‘aged’’ we could hardly ex- 
pect to find an ‘‘Ax’’ point. Doctor Sauveur points out quite 
rightly that this ‘‘Ax’’ point must be closely associated with the 
verminative temperature (private communication). 

A piece of 0.30 per cent carbon steel, cold drawn, was secured. 
This steel was known to have been ‘‘aged’’ for about six months. 
After a rather careful investigation it was found that even this 
steel (Fig. 6) shows a pronounced ‘‘Ax’’ point, although its 
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position was shifted to about 1300 degrees Fahr. It 
mentioned here that the amount of cold-working given 


LST 


steel was unknown. This is important for the reason tha} 
‘“Ax’’ point is connected with germinative temperature. +] 


Ay 


COOLING 


SAMPLE "5" 
j 0.16-0.20 % CARBON STEE 


/ COLD #ORKED. 


TESTED & DAYS APTER 
SAMPLE "D* 0.15-0.20% CARBON STEEL. WORKING. 
CURVE "A" WAS TAKEN FROM COLD SORKED SAMPLE. 


CURVE "B" SAS TAKEN PROM THE SAME SAMPLE TWO 
DAYS. LATER. 


Fig. 7 Fig. 8 


it also depends on the amount of cold work received. It shoul 
be the lower the greater the amount of cold work. 

This experiment with 0.30 per cent carbon steel was repeate: 
several times and each time the ‘‘ Ax’”’ point was observed, thoug! 
its magnitude and its position on the temperature scale varie’ 
somewhat, the magnitude being the greatest when the sample !s 
tested immediately after cold-working. 

The presence of the ‘‘Ax’’ point in the case last described 
indicates either, first, that the effect of imparted internal stresses 
persists for a long time and is only partially, if at all, obliterated 
by what is termed ‘‘aging’” or second, that the observed thermal 


Doctor Sauveur writes: “. . . on the assumption that the point is du 
tallization of ferrite, aging should have no action at all unless distorted ferrit: 
certain amount of spontaneous recrystaHization at room temperature, which, of 
altogether impossible.’’ (Private communication.) 
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disturbance (‘‘Ax’’) is eaused by some irreversible alteration in 


must | . 
| rhe metal proper, upon heating. 
} O this 2 : 2 - ‘ ° wes 
. When the piece of 0.15-0.20 per cent carbon steel is similarly 
1 that . es ; f 
old-worked and tested, the appearance of the ‘‘ Ax point is 
| They 


+ as marked as in the case of the other samples described 


not 
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lt should 






Fig. 7); at least it is not as sharp. The uniform heating of the 
ras repeated sample goes on until about 1100 degrees Fahr. is reached. Then 
ved, though the difference-thermocouple seems to show a small, rather grad- 
scale varied ial, absorption of heat followed immediately by a very pro- 


1e sample 1s nounced evolution of heat. The peak of the heat evolution is 


not sharp and the thermal change, as was said, proceeds rather 
‘ : a (| crys ‘ , Ms P > } 

st describe gradually. In view of previous work, however, it appears rea- 
rnal stresses 
L obliterated 


‘ved thermal 


sonable to regard the peak, which is located at about 1240 degrees 
Fahr., as the ‘‘Ax’’ point. It matters but little at which tempera- 
ture we place the peak. The fact remains that the same change 
as described in the case of steel of higher carbon content does 
take place in this particular low carbon steel. Curve B (Fig. 7) 
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shows no abnormalities until the A, point is reached: t| 
‘*B”’ was taken from the same cold-worked sample two days afte: 
the first one (curve ‘‘A’’) on which the ‘‘Ax’’ point w: 
Neither the sample nor the thermocouple were disturbe. 


meantime. Whatever is responsible for the thermal dis! 


S eurv 


found, 
in th 


irban t 


SINGLE CRYSTAL 


IRON-SILICON ALLOY. 


CURVE “a” = SINGLE CRYST SBVERELY COLD #ORKED 
(GRATING). 


cOnvse “B" - SAME, COOLING 
CURVE "C" - SINGER CRYSTAL, ANNEALED BEATING. 


was completely obliterated during the first heating (curve A 
and, consequently, the second heating (curve B) proceeds nor- 
mally. 

If the same 0.15-0.20 per cent carbon steel is investigated 
some five days after cold working (Fig. 8), the thermal distur 
ance is still to be observed, but it is not as pronounced as in the 
ase of steel heated immediately after cold working. 

Armeo iron supplied in the hot-rolled condition has also bee! 
subjected to the investigation (Fig. 9). ‘‘Hot-rolled’’ shows nat- 
urally no anomalies on either heating or cooling. When howevel, 
the same Armco iron is cold-worked in the same way | 
rest of the samples previously described, a change in tiie thermal 
equilibrium of the sample is observable at about 1270 degrees Fal: 
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This change does not re-occur either on cooling or on 
heating following cooling.’ 

It was of interest to the writer to make similar tests on a 
rather unusual sample consisting of a single crystal of an iron- 
silicon alloy containing 1.68 per cent silicon. Some single crystals 
were sufficiently large, especially after cold working, to permit 
the preparation of samples for the critical point determination. 
The results are reproduced in Figs. 10 and 11. No thermal dis- 
turbanees are noticeable (in cold-worked single crystals) below 
A, point, contrary to the case of carbon steels. Immediately, 
however, following the A, point there occurs, relatively speaking, 
a tremendous change in the thermal equilibrium. This consists 
in some cases of several evolutions and absorptions of heat (Fig. 
10). But the similarity to the carbon steel lies in the fact that 
this disturbanee occurs only during the first heating after cold 
working. Thereafter it disappears. 

‘To sum up: 

1. If metals, from 0.50 per cent carbon steel down to Armco 
iron (either as east, hot-rolled or cold-rolled), are worked at 
room temperature and then subjected to thermal analysis, they 
all show an evolution of heat, sometimes gradual, sometimes quite 
sudden; the evolution of heat creates on the critical curve a 
point similar in every respect to standard critical points, but 
opposite in sign. It is arbitrarily designated the ‘‘Ax’’ point. 

2. The position of the point is not always constant and fixed. 
3. It seems quite reasonable to assume that the Ax point 
indicates both recrystallization and a relief in internal strains. 

!. The Ax point is not of the reversible type: it disappears 
entirely after the first heating of the cold-worked sample. Hence 
its appearnce must be closely connected with the specifie prop- 
erties imparted to a metal by cold working. 

The miecroseopie investigation followed the thermal analysis 
and will be deseribed in the same order. 

The microstructure of cast 0.50 per cent carbon steel is 
shown in photomicrograph Fig. 12. It is the ordinary structure 
of cast steels; very large pearlitic or sorbitiec grains are sur- 
rounded by heavy ferritic boundaries. It should be noticed that 
these ferritie boundaries are evidently of the same orientation: 


a second 


) iron was tested accidentally under low sensibility. Should higher sensibility be 
magnitude of the disturbance would be much larger. 
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Fig. 12—Cast Steel Having a Carbon Content of 0.50 Per Cent. Etched 
Acid. 350X. Fig. 13—Cast Steel Cold-Worked. Carbon Content 0.50 Per ( 
Dilute Nitric Acid. 350X, 
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they do not contain several small grains. Even deep etching 
fails to bring out either grain boundaries or different colora- 
tion. ‘Che presumption is, therefore, that these large and wide 
ferritic areas contain but one grain. Some of the ferrite, of 
course, is lodged not only at the grain boundaries, but also within 
the grain as is seen to a certain extent on the lower part of Fig. 12. 

When the steel is cold-worked this last mentioned ferrite 
takes on an interesting shape. The continuous ferritic bands 
are broken up, showing what might be termed ‘‘deformation by 
steps.’ The shape of the grains is peculiar and in a way char- 
acteristic. The elongation in one direction is so evident that one 
could easily tell the direction of cold work (Fig. 13). And yet, 
each ferritie particle, whether it be a small elongated fragment or 
a more or less continuous band as is seen in the lower left cor- 
ner of photomicrograph, Fig. 13, contains only one grain. 
No boundaries within the ferritic grain can be brought out, even 
by the most severe etching. 

After cold working, one of the pieces of this steel was pre- 
pared in the form of the critical point sample and heated to a 
temperature just below that at which the ‘‘Ax’’ point was ex- 
pected: such a temperature being determined approximately by 
the previous experiment. It was found that apparently no 
change had taken place (Fig. 14). The structure of the 
sample was much the same as that of the cold-worked material 
shown in the photomicrograph of Fig. 13: the ferritie areas still 
possessed directional orientation and consisted of the character- 
istically shaped but singular grains. 

The same sample was then heated up to the point when the 
“Ax”? effect seemed to be entirely completed, this heating being 
followed by rapid removal from the furnace and cooling in the 
water. The structure of the sample was now different: it is shown 
in the photomicrographs Figs. 15, 16 and 17. The shape of the 
ferritie grains did not change much: it still consisted of elongated 
shoots, in some places accompanied by smaller fragments of the 
peculiar shape already described. (See photomicrograph Fig. 16). 
But every ferritie inclusion now showed a number of distinct 
houndaries, sub-dividing each large mass of ferrite into a number 
of much smaller grains. The recrystallization, or in accordance 
with Dr. Jeffries’ nomenclature, grain growth has taken place 
within the ferrite. It must be indicated at this point that such 
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Fig. 14—cCast Steel Cold-Worked Heated Below Ax Point. 
Acid. 350X. Fig. 15—Cast Steel Cold-Worked. Heated Above Ax P 
Nitric Acid. 350X. Carbon Content 0.50 Per Cent. 
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Cast Steel, Cold-Worked. Heated Above Ax Psint. Etched in Dilute 
Carbon Content 0.50 Per Cent. 
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Fig. 18—Distorted Pearlite in Cold-Worked Steel. Etched in Dilute Nit: 
Fig. 19—Hot-Rolled, 0.30 Per Cent Carbon Steel, Cold-Worked. Etched in Di 
350-X, 
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e —Hot-Rolled 0.30 Per Cent ( arbon Steel, Cold-Worked. Heated Above Ax Point. 
n Dilute Nitric Acid. 200X. Fig. 21—Hot-Rolled 0.30 Per Cent Carbon Steel, Cold 
i and Annealed, Etched in Dilute Nitric Acid, 350X 





718 TRANSACTIONS OF THE A. 8. 8S. 7. 
recrystallization would never have taken place if the san 
not been cold-worked. The observation that the deseribec| 
in structure does not take place unless the temperatur. 
heated sample is brought above the temperature at w! 
thermal disturbance occurs, naturally connects these two | 

A second observation, perhaps not so striking, but 1 
less quite evident, deals with the carbon-bearing area ) 
sample. In photomicrograph Fig. 18 is shown the appearan« 
of pearlitic areas directly after cold working. It ean be gee 
how badly distorted this structure is. Ferritic and even cemen 
itic lamellae are curved and broken. Even the comparative) 
high power employed fails to reveal well-developed pearlit, 
In the photomicrograph, Fig. 17, is shown the pearlite aft 
heating above Ax. The lamenation is quite distinet and 
itic structure may be said to be well-developed. Th 
shown is a true representative of most of the sample. 

A similar study of structure was made of a sample of ().) 
per cent earbon steel. In Fig. 19 is shown the structure of this 
steel after cold working. It will be remembered that this ste 
was obtained as hot-rolled material. Cold working has result 
in the directional elongation of ferrite. 

When heated above the Ax point and then cooled, the str 
ture changes. As in the previous ease of 0.50 per cent carb 
steel the ferritic grains are seen to have been broken up int 
large number of much smaller ones (Fig. 20). The general 
ture of the structure, however, remains unchanged. It is well illus 
trated by- comparison with the structure of the same stee! alt 
having been subjected to the annealing treatment (Fig. 21 

From the description given of the experimental phase of ¢! 
work it is clearly seen that the recrystallization and the observ 
change in the thermal equilibrium are both to be traced back | 
the initial treatment, namely, cold working. It is doubtful. how. 
ever, if either phenomenon is the result of the other. It 1s mon 
likely that both of them are independent results of the speci 
properties of metals deformed at room temperature. Yet 1 
fundamental principles, in accordance with which both 
nomena observed can be hypothetically explained, are s 
related. 

The recrystallization of strained or cold-deformed 1 
fairly well understood. Cold working of any metal results 1 
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production of crystalline fragments outlined by the crystallographic 
: d 

planes. On heating, these fragments undergo but small changes 
until the reerystallization temperature is reached. According 


es 


to Jeffries, changes below recrystallization temperature 
would be largely in the direction of perfecting crystalline organ- 
ation at the boundaries between crystal fragments and perhaps 
in the coalescence of some of the very small fragments.’’ 

On reaching recrystallization temperature, the recrystalliza- 
tion proper proceeds by means of some of the grains absorbing- 
the others. That the process consists in ‘‘absorption’’ and not 
in the formation of entirely new grains with the new nuclei as 
starting points, is proven by the observed fact that the new grains 
have the same directional orientation as the crystalline fragments 
in the ecold-deformed samples. 

The necessary condition for this process of ‘‘absorption’’ is 
the straining of different grains to various extents. Such a con- 
dition must necessarily exist in the cold-worked metals. The 
amount of straining received by each individual grain in the 
large conglomeration of such grains in any given piece of steel 
depends on the orientation of the grain in relation to the direc- 
tion in whieh the cold working is applied. The grains which are 
the least strained grow at the expense of those that are more 
severely strained. - If we explain the straining in somewhat dif- 
ferent terms, we will be able to see more clearly the relation be- 
tween the phenomenon of recrystallization and the thermal dis- 
turbances dseribed above. The formation of the crystalline frag- 
ments occurs through gliding or slipping along the surface of 
the crystalline plane. This gliding or slipping necessitates a loos- 
ening of the molecular cohesion in the deformed crystal and a 
certain amount of work is required to bring about such loosen- 
ing. This in turn means that the energy content of crystals 
(differently deformed will be different. Summing up, then, re- 
‘rystallization of deformed metal on heating is made possible be- 
cause of the different amount of energy stored up in the individual 
grains through eold working. This conception will perhaps make 
the role of cold working a little clearer. 

Let us turn now to the thermal disturbances. It is known 
that in order to bring about reerystallization in the deformed 
metal, we need only slight deformation. In the case of all the 


ples described above, the deformation was quite severe and 
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must necessarily have resulted in a large amount of en 
stored in the sample as a whole. It is quite reasonal 
pose that only a part of this energy is required to start 
lization. If such be the case, then the rest of the stored enero 
ean be termed the ‘‘free energy’’ of the sample. The existence , 
such energy is the reason that so-called ‘‘external strains’’ 
in deformed metals; these strains are relieved by heating the 
formed metal to a certain temperature. We may just as well s 
that by heating we relieve the sample of free energy, and tha 
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ecrystal. 
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such a process is most likely to be accompanied by, or result 
change of thermal equilibrium within the sample. The autho; 
rived at this conclusion quite independently from any other work. 
but was glad to find the confirmation of his views in the recep 
work of Prof. Gustav Tammann, who even gives a formula f 

















the increase in the energy content in calories per unit volum 
of the deformed metal.* 











It is an interesting coincidence that the liberation o| 
excess energy in the form of heat, deseribed in this article as ¢! 
‘‘Ax’’ point, occurs at the same temperature as the recrystalli 
tion. It is probable that the mobility of atoms, which is esse 
tial to the liberation of excess energy, is also the fundamenta 
factor in the phenomenon of recrystallization. It is planned | 
test this by further experimentation. The author believes that 
there is sufficient evidence to state that the liberation of the 
in deformed metals, as observed and described in this article, 
has as the reason for its appearance the same underlying 
as the recrystallization of deformed metals at low temperatures 
namely, the change in the internal energy of the sample by coli 
working. 
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‘Tammann, A Text Book on Metallography. 1925, p. 129. 
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STEEL MELTING SESSION —CLEVELAND CONVENTION 


rhe following four papers were presented before the Society 
| Tuesday morning, September 15, 1925. The chairman of this session was 

pr. J. A. Mathews, vice-president of the Crucible Steel Company of 
America, New York City. 
















































PROPORTION OF HEAT TREATED STEEL TO 
TOTAL PRODUCTION 


By C. J. STARK 


Abstract 


The writer of this article considers the qualitative 
conception of the steel industry more important than 
the quantitive. In his discussion he considers a heat 
treatment any treatment of steel for the specific pur- 
pose of effecting certain desired changes in the struc- 
ture of the material. Among the greatest patrons of 
the heat treatment of steel are the automobile industrves. 
The railroads have been backward in adopting heat 
treating of their material, because they did not feel able 
to pay the price of scientific knowledge and skilled labor, 
but the heads of their mechanical departments are be- 
ginning to show a greater appreciation of the advan- 
tages of heat treatment for certain purposes, such as for 
material going into locomotives and cars. Today ap- 
proximately three million tons of steel are being heat 
treated to serve various purposes. 


NOTHER of the important transitions which have marked 
4% the course of progress of the American iron and steel in- 
dustry apparently is in motion. Its final effect upon the industry 
promises to be far reaching; so much so as to warrant compari- 
son with that which attended the successful introduction of coke 
as metallurgical fuel or the swingover from the Bessemer to the 
open hearth as the chief method of steel manufacture. 
stage into which the industry has entered may be termed that 
of intensive seientifie exploitation of the properties and utility 
of steel for specifie application. The exacting needs of our speeded 


The new 





_ The author, C, J. Stark, is president of the Penton Publishing Company, 
Cleveland, 
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up civilization have supplied the driving. force tv {h 
opment. 

The quantitative conception of the steel industry whj. 
ruled so long in this country plainly is giving way {0 the 
itative. For years the chief objective of the steel manuf. 
has been production because the needs of the country fo 
mon steel have been so large. Apart from rails and a fey 
products where scientific knowledge has been trained ali. , 
production and performance, tonnage has demanded fips 
sideration. Today, principally through the pioneering 
automobile industry, steel makers have come to realize their 
tion not only is to make good steel, but to follow it throuo) 
its ultimate applications and see that it performs its work pry 
erly and completely. The automotive engineers hay 
metallurgical world a great service by the way in which 4 
have defined their requirements through constant study and 
search. As a result they represent the only group that has stand 
ardized completely in a scientific way its steel necessities 
from these has formulated its own set of specifications 


qaone ft 


This trend in steel.manufacture, from the general to the sp 
cific, is illustrated by the recent decision of the United State 
Steel corporation to build at Chicago a large new plant designed 


especially for the rolling of alloy steels. This action definite) 
launches the country’s first producer into the manufacture of sp 


L 


cial steels on a large seale since its operations of the past h 
had to do almost entirely- with ordinary carbon steel. 
Development of the science of heat treating has furnish 
one of the chief factors contributing to the present refinement 
of application and serviceability of steel. It has helped to mak 


possible many of the great engineering accomplishments oi 
day. That it has a large and indispensable part to perform | 
furthering mechanical as well as human progress, is certall 


order that this duty and responsibility may be more clearly 01 
lined and more definitely grasped, economic as well as scieutii¢ 
facts are essential. There is called for an appraisal of the char 
acter and magnitude of the present heat treating industry 


a precise knowledge as to how its growth corresponds to that! 


the general demand for steel. For the first time a caret! 
systematic effort has been made to determine the tonnage 0! Hél 


treated steel that is being required by main consuming !! 
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and to show in what manner this application is made. As is 
aaessarily true in all such original efforts, the data are not en- 
ii complete or fully comprehensive. Nevertheless, they estab- 
ish a vood foundation for future elaboration and refinement. 

In this diseussion heat treatment is considered any treatmeut 
af | for the specific purpose of effecting certain desired 
changes in the structure of the material, usually by quenching, 
hardening or tempering. Ordinary preheating and annealing op- 
erations are not considered. 

Qne main approach to the total volume of heat treated steel 
. through the production of alloy steel. In recent years pro- 
juction of this sort, according to official statistics, has approxi- 
mated 2,000,000 tons per annum, of which more than 95 per cent 
was in the form of ingots and the remainder of castings. How- 
eyer, this includes probably 1,000,000 tons of copper-bearing steel 
for rust-resisting and protective purposes, which is not heat 
treated. The remainder, about 1,000,000 tons, is heat treated. 

The automobile industry has proved itself the greatest pa- 
tron of heat treatment of steel, as it has also of alloy steel. Much 
of this development may properly be attributed to the applica- 
tion of advaneed scientific methods and research on the part of 
automotive engineers and metallurgists. It is doubtful whether 
in any major industrial field has greater scientific effort along 
practical lines been devoted to the improvement of steel or to 
the determination of its utility for various purposes. Last year 
the automotive industry, taken as a whole, consumed approxi- 
mately 3,200,000 gross tons of rolled steel. As much, if not more, 
tonnage will be required this year. Of this total probably 15 to 
20) per cent was of alloy quality. The percentage varies in ac- 
cordance with the individual manufacturer. On this general basis, 
estimated, the automotive industry today is using 50 to 60 per 
cent of all the commercial alloy steel produced. Most of the steel 
now being consumed by the automotive industry, whether of 
carbon or alloy character, is heat treated. 

Because of their large needs and the exacting service their 
equipment and tracks are subjected to, the railroads might be 
expected to be the source of greatest demand for heat treated 
material. Of all the main consuming groups, the railroads take 
the largest fraction of the output of the steel mills, this amount- 


ing to 27.5 per cent in 1924 and something over 30 per cent in 
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1923. In gross amount this was approximately 7,395. 
tons in 1924 and 9,277,000 gross tons in 1923. The relatiy, 
small amount of this tonnage that is heat treated commands 
tention. The railroads are backward in adopting heat trea; 
of their material largely because of the need of a scientific ky) 
edge and skilled labor to properly meet their requirements, ), 
parently they feel they cannot afford to pay the price or to , 
cure service on the scale that would be demanded by their 9», 
ations. Following this policy, the railroads do a lot of eeeeel. 
ing and find it much easier to handle work under a forve 
hammer. 


HO) gy 
ml 


\ 


However, the heads of mechanical departments of the +: 
roads are showing a greater appreciation of the advantages , 
heat treatment for certain purposes. Today a great deal m0 
heat treated material is going into locomotives and ears than eyo 
before. The average locomotive contains about 45,000 pound 
of heat treated steel exclusively of accessories, such as air puns, 
air brake apparatus, injectors, etc. The parts heat treated jj. 
clude frames, springs, side rods, piston rods and link motion ¢ 
tails. More and more the railroads are using annealed carly 
vanadium steel for side rods, piston rods, ete., which is supplant. 
ing carbon steel. On the basis of normal construction 40.000 { 
50,000 tons of heat treated material are used in locomotives an- 
nually. 

In passenger and freight cars, the amount of heat treated 
steel aside from springs is negligible. Speaking generally, car 
axles are not heat treated. Car castings are annealed but this 
is regarded as nothing more than a normalizing process. Son 
heat treatment of special parts also is being done but this i 
volves very little tonnage. Taking an average of 125,000 freiglt 
and passenger cars built per year, this would mean, it is est! 
mated, heat treatment to the extent of approximately 40,000 tons 
Heat treatment of mine car axles is in growing adoption ani 
thousands of these parts are going to this industry each year 

As to track fastenings, practically all track. bolts and ang! 
bars are oil quenched. In recent years production of angle bars 
has run approximately 175,000 gross tons per annum. It Is es 
timated that track bolts represent 5 per cent of the total tonnag 
of all bolts manufactured. This would indicate that something 
like 50,000 tons of track bolts are produced each year. (Of fross. 
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aritching points, ete., probably 20 to 25 per cent is heat treated, 
pis comprising all the manganese steel. The open hearth mate- 
‘ial which accounts for 75 per cent of the total, is not treated. 

The electrie railway field is a large user relatively of heat 
rmogted steel. One estimate places the total between 85,000 and 
00.000 tons, comprising axles, gears, pinions, truck springs, up- 
20 


-_ 


holstery and miscellaneous springs. On this basis at least 
ner cent of the total steel requirements of the electric railway 
ndustry ealls for heat treated steel, mainly for car construction. 

Of more than 1,000,000 tons of steel going into nuts, bolts 
and rivet manufacture each year, the largest fraction is subjected 
ty heat treatment in some form. One authority places this pro- 
nortion as high as 80 per cent. The heating of bolts in general 
falls into three classes. The first group includes those which 
are heated primarily for forging or hot heading. The second 
represents cold-headed bolts and rivets which are heat treated to 
relieve the strains eaused by cold heading. Probably 25 to 35 
per cent of the total tonnage of bolts comes within this class. 
The third group consists of bolts which are given more careful 
heat treatment for improving their physical qualities, such as 
track bolts, which are nearly all high carbon; bolts for auto- 
mobiles and, to a slight extent, other purposes, which are high 
carbon or alloy steel; and third, low carbon steel bolts heat treated 
by special process. 

Practically no heat treated steel is used in building construc- 
tion but in the case of bridge work and particularly long spans 
where the parts are pin connected, the eye bars are heat treated. 
The annual consumption of these heat treated eye bars is approx- 
imately 15,000 tons. In addition there is a nominal tonnage of 
heat treated pins for this type of bridge construction, which more 
properly might be classed as machine parts. The only other ma- 
terial used in the structural steel industry that is heat treated 
ire the parts of machinery used in draw span bridges, which 
more properly could be included in the machinery group. In 
the case of eye bars this material is made from two specifications. 
Une calls for an elastic limit of 50,000 pounds per square inch 
and the other for 75,000 pounds per square inch. These bars are 
of carbon steel quality. 

Approximately 200,000 tons of steel are used by the ship- 
huilding industry and about 7 per cent or 14,000 tons is heat 
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treated. This includes the propellers of steel castings, 
tail shafting, engine shafting, piston rods, connecting 
stems, rotors and blading of turbines where of steel, o: 
parts of machinery and parts of similar auxiliary » 
Anchor chain, if of cast steel, is so treated. Perhaps x 
of the chain over 114-inch diameter now is of east steel. 

It is difficult to fix definitely the extent of heat treatmer. 
in the construction of machine tools, small tools and miscellaneoys 
machinery. One authority states that 40 per cent of the total] 
amount of steel going into machinery and machine too! prody- 
tion and 95 per cent of that going into small tools is heat treate| 
If this be an accurate statement, probably 300,000 to 350.009 
tons of steel going into machinery annually are heat treated jy 
process of manufacture. Virtually all of the steel used in the 
manufacture of saws is heat treated. In point of weight it js 
estimated this would be approximately 30,000 tons per year. On 
prominent saw manufacturer is reported to have recently o| 
tained a basic patent for welding high speed steel to soft steel 
and now is using this process exclusively in the case of machin 
knives with a considerable saving in the cost of steel and in tha‘ 
of heat treating. 

One manufacturer of crawler-type cranes now is heat treat 
ing something like 60 separate parts or 250 pieces per unit 
the building of this equipment. In this way it is stated 10 
20 per cent is added to the wearing quality of these units 

A recent development in heat treating is its application 
plow beams. The shares are attached to the beam. It is im 
portant, therefore, that the latter be fortified against bending 
or breaking. Formerly a rolled flat section was used. The beams 


| 


on all plows used in connection with tractors are high carbo 
steel, heat treated. This represents a weight of probably 9" 


tons per annum. 

Other main sources of normal steel consumption which have 
not been touched upon include oil, gas and water requirements, 
mining and lumbering. All the heat treatment requirements ©! 
the mining and lumbering industries are covered under machin 
ery with a few exceptions. The same applies to oil, wate! ind gas 
activities except to drilling tools which are heat treated on the 
ground. 

The army and the navy are important users of heat treate 
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terial (hough not in a tonnage way, for ordnance, airplanes, 
wrojectiles, armor plate, proteetive decking, ete. 
*  Symmarized, it may be said that approximately 3,000,000 
,, 3.500.000 tons of steel are being scientifically heat treated an- 
- to serve various economic or mechanical purposes. The 
sutomobi e industry has furnished by far the field of greatest 
progress; that of the railroads, the least. This points the direc- 
.in which the industry may look for sound future expansion. 
What heat treating ultimately may be called upon to con- 
iribute to the cause of aerial navigation in this country cannot 
ye foretold now. It will require no specialized development of 
the science, however, to meet a large demand from this quarter, 
ince heat treatment already is being widely used to insure great 
physical strength at minimum weight of material. Whatever 
form the growth of air navigation may take, it is déstined to 
mean a further notable addition to the scope and usefulness of 
heat treating. 


i 


The second paper of this series begins 
on the next page. 





ACID OPEN HEARTH STEEL MELTING PRACT: 


By RADCLYFFE FURNESS 


Abstract 


In this paper the author outlines briefly the chay- 
acteristics of the acid open hearth furnace, and gives the 
contributing cause of the superiority of acid open heart) 
steel over the basic. 

The melting charge is discussed and methods given 
for controlling the elements in the bath, as well as th: 
proper time to make the additions. 

The addition of ore to the ‘bath is considered and 
the author gwes the proper conditions of the bath to 
obtain satisfactory results from oring the heat. 

Acid open hearth slags are discussed; consideration 
is given to the temperature of the bath, iron and man- 
ganese oxide being present. The fluidity of the slag is 
discussed. 

The author emphasizes the importance of the proper 
‘‘condition’’ of the bath, stating that this has a great 
influence on the defects which may appear in the finished 
product, such as *‘ flakes.’’ 


N writing this paper, the author has endeavored to use as few 

formulas and technical terms as possible. If, in following this 
practice, some statements are made, which are ‘theoretically oper 
to discussion, I beg that this be overlooked, provided they express 
the general idea. 

It has been my good fortune to have been connected with the 
melting department of the plant of the Midvale Company at Nice- 
town since June, 1891, and, when first coming to the plant, to 
have worked under Peter McAnally, who was one of the first of 
the two melters in Midvale working under Charles A. Brinley, 
while he was putting the open hearth furnace in this plant on 
its feet in 1872 and 1873. 

Although the acid open hearth furnace in Midvale started in 
1871, it does not seem to have accomplished anything worth men- 
tioning until 1872, when it was taken in hand by Mr. Brinley. 


The author, Radclyffe Furness, is superintendent of the melting and forge 
department, Midvale Co., Nicetown, Philadelphia. 
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ACID OPEN HEARTH STEEL 129 


Wyllowing Mr. Brinley came R. W. Davenport and J. K. Griffith, 
‘, charge of the open hearth department until about 1889, when 
\ir, McAnally was put in charge. I mention this bit of history 
to point out the good fortune which I had in working with a man 
whose experience went back: to 1872, and who had profited by 
working With the others mentioned above; also to point out that 
‘rom 1872 up to date, the connecting links in experience at Mid- 
vale, back to 1872, consist of only two men, Mr. McAnally and 
myself. Thus there is small chance of any good practice being lost. 

The acid open hearth process, as we now use it at Midvale, 
ig an evolution of the ideas handed down from the men just men- 
tioned, and added to by those subsequently in charge of the melt- 
ing department. The little difference between the process thus 
evolved, and that used in other plants in this country, France, 
Belgium, Germany and England, is of great interest; also, how 
carefully those in charge of the acid open hearth plants are striv- 
ing to obtain the same results which we are all striving for at 
Midvale and how close the standard practices have become. 

[ shall not attempt to explain or discuss open hearth design, 
which would constitute a paper in itself, but state that the acid 
furnace is an open hearth furnace, the walls and roof of which 
are built of silica brick, and the hearth of silica sand of approxi- 
mately 98 per cent silica. This silica bottom so happens to be the 
greatest contributing cause to the superiority of the acid open 
hearth steel over the basic product. The hearth must be thorough- 
ly sintered together, or set, before any charge is introduced into 
the furnace. The depth of the bath which is melted on this 
hearth is a matter of importance, and should be varied, depending 
upon the purpose for which the furnace is used, a shallow bath for 
speed, a reasonably deep bath for quality; naturally a happy 
medium is the best. 

In making acid open hearth steel, it must be borne in mind 
that this process does not remove any phosphorus or sulphur. 
Therefore, one must provide such a charge as contains less phos- 
phorus than one desires in the finished product, and sulphur suffi- 
ciently low to take care of the pick-up which is bound to occur 
when one uses producer gas, oil, or any fuel which carries a notice- 
able amount of this element. 

The earbon should be such that, when the charge is melted, 
the content of the molten charge will be well above the carbon 
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that one wishes to obtain in their finished product. It is 

able to have a noticeable amount of manganese present in {| 
tial charge—approximately from 1.00 to 1.75 per cent, and 
(about 14 of 1 per cent). While this is not absolutely nec 
it is desirable, because the presence of these elements in th: 

nal charge prevents the bath from containing too much iro: 

when melted, as they reduce the oxides to iron; also, the « 
tion of these elements, as the charge melts, puts heat into th 
as fast as formed, and continues after the charge is melted. 
the manganese and silicon have been reduced to a minimum 

My experience has been that, if the furnace is proper), 
dled, it makes little or no difference in what form the ear! 
manganese and silicon mentioned above are introduced int 
charge. The carbon may be in the form of some ferro allo, 
else as coal, charcoal, ete., and the manganese and silicon as 
alloys. In some plants it is the practice to use only pig iron 
scrap; in others, a much less amount of pig iron, making w)) 
difference in carbon with charcoal, coal, ete. The pig iron 
may be either sand or chilled cast and should have a fairly hig 
manganese content, so that this content together with the amo 
of these elements in the remainder of the charge make uj 
manganese and silicon desired in the whole. The serap should | 
of good quality, not too fine or small, as fine material tends to 
oxidize when melting. The oxide thus formed will cut the sand 
bottom of the furnace and aid in choking up the checkers. 
thermore, light and fine scrap have a tendency to fuse togethe 
one mass and delay the melting of the charge. 

The charge should be thoroughly melted, and given a short 
time in which to increase its temperature. The oxidation of mai 
ganese and silicon, as mentioned above, help this increase in tem 
perature. If little or no manganese and silicon are present, it will 
take longer for the bath to get hot, or, as is generally said, ‘'! 
condition to take ore.’’ After the bath has picked up tempers 
ture, ore is added to reduce the carbon to such a point that or 
may make the desired addition of ferro alloys, without running 
the total carbon content of the bath too high. If.the manganese 
and silicon content in the bath, when melted, is small, it wil! 
then take the bath longer to get ‘‘in condition to take ore,’’ both 
from lack of temperature, and from the fact that there is so mucl 
oxide of iron present, that one does not know the percentaze 0! 
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carbon on which one can count, and, therefore, it is necessary 
to wait until the bath has come ‘‘in condition to take ore,’’ before 
beginning to reduce this carbon. 

if the bath, when melted, does not show the carbon high, 
noticeably higher than that desired in the finished product, carbon 
must then be added in the form of pig iron or spiegeleisen. This 
is an expensive practice, and one to be avoided, as a much greater 
quantity of carbon will have to be added at this stage, before the 
bath has been put in proper condition, than would have been added 
if it had ‘been put in with the original charge. 

The addition of ore to the bath is a matter of great impor- 
tance and requires experience and judgment as to the total 
mount which should be added, and the rate at which the amount 
may be added. Naturally, it is desirable to get into the bath suffi- 
cient ore to reduce the carbon to the point desired as quickly as 
possible, so as to ‘‘make time’’ on the heat, thus increasing the 
production per hour. If, however, too much ore is added, one 
loses time and runs up expense by the necessity of having to add 
arbon to bring the carbort content up to that desired. Therefore, 
he addition of ore is important, and greatest care should be used 
to get in exaetly the right amount, at the proper rate. to bring 
the carbon to the point desired, when all of this ore has been re- 
duced, and the resultant gas boiled off. This point is spoken of 
as “‘condition,’’ and on the ‘‘condition’’ of the bath at tuis point 
(epends the suecess or failure of the heat. 

Whether all acid open hearth melters recognize this fact or 
not, nevertheless it remains true that the success or failure of 
their product depends upon the constancy with which they bring 
ill heats of the same composition to a standard ‘‘condition’’ be- 
lore making their final additions. This ‘‘condition’’ is a phe- 
nomenon that one, after watching an acid open hearth furnace 
for a short period of time, cannot miss, as the bath, from boiling 
violently, and frothing like a glass of charged water, when first 
poured, becomes flat and quiet, with bubbles breaking here and 
there; or, again, it is like a beaker of water when violently boiled, 
or when just boiling, and now and then giving off a bubble. 


tT 


SLaGs 


So far I have made no mention of the slag, but feel that now 
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is the time to take this matter up. Therefore, we shall o 

to the time that the charge is first melted. At this stave th, 
temperature of the bath is comparatively low, and there is. unless 
one is working with an extraordinary furnace, an excess of jroy 
oxide in the slag, which is black and generally ‘‘dirty’”’ jy ap- 
pearance. Before ore is added this condition must be improved 
by reducing the amount of oxide in the slag, otherwise the bat} 
would not be ‘‘in condition to take ore,’’ and one could not tell 
at what rate to proceed with the addition of ore. This improve. 
ment in the slag is shown by the change in color from dark +, 
light and can be brought about by waiting until the temperature 
of the bath has increased and the iron oxide in the slag reduced 
by the carbon present in the bath, or can be hastened by small 
additions of carbon in the form of coal. Limestone also should 
be added, this acting as a flux and making a more fluid slag. the 
earbon, of course, reducing the iron oxide and throwing back 
the iron thus reduced into the bath. The slag will then become 
light in color, ranging from a light brown through bluish yelloy 
to white. The varying colors depend upon the amount of 
manganese present in the original charge, which is present in ihe 
slag as manganese oxide. The exact condition as to the appear. 
ance of the slag at each stage cannot be fixed by one open hearth 
man for another, but a standard must be fixed by each man for 
himself for each grade of steel which he is manufacturing. Th 
eolor of the slag, if properly watched, is an indicator of ‘‘con- 
dition,’’ a dark color showing poor ‘‘condition’’ and a light color 
showing good ‘‘condition.’’ 

I cannot emphasize too strongly the importance of the phe- 
nomenon known as ‘‘condition,’’ as the degree of ‘‘condition”’ 
has a great influence on the defects which may appear in thie 
finished product, such as ‘‘flakes.’’ ‘‘Condition’’ is the appear- 
ance of the bath at the time when violent boiling has ceased (tlie 
boiling being due to the oxidation of the carbon by the iron oxide 
formed when melting or added to the bath in the form of ore), 
and when the silicon content of the bath increases due to silica 
in the slag being reduced to silicon and going into the metal. 

It is unnecessary to discuss whether the carbon, in thi 
presence of iron, reduces the silicon from the silica in the slag, 
or whether the iron reduces the silica. The fact that silicon \s 
reduced, and goes into the metal, thus showing that a great por 
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the oxides and contained gases must have been removed, 
ient. Nor is it necessary to discuss the percentage of 
“lie0) that should be reduced. 

When ‘‘eondition’’ first shows, then silicon should be added 
the form of ferrosilicon. This further stops the oxidation 
of the carbon, and holds the content, so that the carbon in a test, 
taken out just before the addition of the ferrosilicon, may be de- 
‘ermined by the laboratory, thus giving the actual carbon content 
in the bath. Based upon this determination the final additions 
are made to the bath so as to obtain the carbon content desired 
in the finished steel. Since the amount of silicon and manganese 
desired in the finished steel is always fixed by a melting specifica- 
tion, and since manganese and silicon are added in the form of 
ferromanganese and ferrosilicon, the bath must come to condi- 
tion at such a carbon content as to allow for the carbon contained 
in the ferro alloys, and the total should only slightly exceed that 
desired in the finished product. 

The degree of ‘‘condition’’ which should be maintained is 
a matter of experience and judgment, and each one must deter- 
mine for himself the condition of each grade of steel which gives 


lim the best results at the least cost, and hold this condition as 
standard. Different open hearth superintendents demand dif- 


’ 


ferent degrees of ‘‘condition.’’ In fact, I have known some who 
took the chance of never getting the bath ‘‘in condition,’’ but 
when they judged the carbon to have reached the point from which 
they thought they could build ‘up to their final result, they would 
add a large amount of solidifier,.silicon, manganese, aluminum, 
‘tc., or a mixture of all. I have known others who went to such 
an extreme that they waited until the bath began to get ‘‘in 
condition,’’ then removed all the slag and remade a slag from 
clay, sand and ground coke or charcoal, covering the bath with 
this mixture. When a time was reached where there was little 
or no change in the bath from hour to hour in the carbon content, 
the final additions of ferromanganese and ferrosilicon were 
made, little or no silicon being necessary, as sufficient was reduced 
trom the slag. 

The first practice I consider to be bad and dangerous, as one 
‘annot judge satisfactorily the exact condition of the bath when 
rapid changes in composition are taking place, due to violent 
action and reactions. The second practice I consider overcautious 








734 TRANSACTIONS OF THE A. 8. 8. T. 












ecember 


and expensive, as too much time is taken up in making aq heat 
When following this practice, heats take from eighteen to twenty: 
four hours. It is impossible for one to determine or state for 
another exactly the condition that should be reached, but egg, 
one must fix for himself a standard condition for each grade of 
steel, and hold on to this like grim death until he is thorough) 
satisfied that he should change to another standard. 

Since the acid open hearth melter has the advantage of haying 
a well marked condition which appears in the bath due to the fae 
that the furnace has a sand hearth, and since the element whic) 
causes this condition also tends to degassify and deoxidize thp 
bath; and if he is a person of reasonable intelligence, he wij! 
shortly, for each grade of steel which he is manufacturing, haye 
a fixed degree of ‘‘condition’’ to work to. It is, therefore, evidey; 
that he has a better chance of producing more frequently a more 
deoxidized steel than has the basic open hearth man, who has no 
such phenomenon as the reduction of silicon to guide him. This, 
to my mind, is the greatest reason for preferring, for high duty. 
acid open hearth steel rather than basic; namely, the greater cer. 
tainty of getting a thoroughly deoxidized steel. 

In the practice which I have been describing, I have assumed 
that an ordinary carbon steel is being manufactured. The prin- 
ciples laid down hold good for any alloy steels which are being 
made. One may safely state that in making alloy steel, it is 
always desirable to get the alloy into the charge as early in the 
operation as possible. Of course, I do not mean at the risk of 
losing the alloy. For example, nickel is best added with the first 
charge, a test taken out, and nickel determined as soon as the 
charge is melted. On this determination a correction may be 
added, bringing the nickel up to the amount desired in the fir- 
ished product. Chromium is best added in the form of ferr- 
chromium after the bath is ‘‘in condition,’’ after ferrosilicon, 
but before the ferromanganese. For, if chromium had been added 
in the first charge, a large percentage of the total amount would 
have been oxidized and gone into the slag. If we follow the rule 
that the alloys should be added as early as possible, without dar- 
ger of loss of the alloy, we are following, I believe, the bes! 
practice. 

Additions may be made in the ladle perfectly satisfactorily, 
but on the whole, I consider it desirable to avoid this practice 
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1925 ACID OPEN HEARTH STEEL 
far as possible, as we never can tell what condition may be upset 
or established, and the metal is not given a fair chance to clear 
and adjust itself. 

[ have said nothing about the use of either titanium or 
aluminum, nor do I feel it advisable to enter into a discussion 
of their merits and demerits. Suffice it to say that conditions 
may arise Where additions of these elements are not only desirable, 
but absolutely necessary. But, in my opinion, it is a safe rule 
to use as little of these elements as possible, since, to be effective, 
they must be added in the ladle, and never to use either where 
the product is to be subject to transverse tests. The use of these 
elements is again a case which should be governed by one’s ex- 
perience With each grade of material which one is manufac- 
turing. 

Considering the steel itself, made in the acid open hearth 
furnace from conditions mentioned above, one would expect to 
find a steel more free from oxides and gases than one would find 
in a steel of similar composition produced by the basic process. 
Again, in the acid open hearth process, the metal, on account of 
the thinner blanket of slag, can be made much hotter. Therefore, 
all reactions are hastened, and the metal is given a better chance 
of clearing itself, both of slag and dissolved oxides. If many 
samples of the two steels are examined under the microscope, it 
will be found that one’s expectations are realized; namely, that 
the acid steel is the cleaner of the two. Further, it is a character- 
istic of the acid steel that the crystallization from the fluid to the 
slid produces much smaller crystals than in basic steel. I have 
never been able to explain this fact to my entire satisfaction, but 
believe that it is probably due to the acid steel being the cleaner 
of the two and have been guided accordingly. 

In addition, acid steel seems to be much more ‘‘closely knit,’’ 
or cohesive than basic, less likely to show slips or slides between 
crystal faces. One would, therefore, expect that ‘‘ingotism’’ or 
ingot characteristics in a sample taken from an ingot without any 
work or heat treatment, other than the cooling in the mold from 
the fluid to the solid, could more readily be broken up, and in 
addition a better grade of grain refinement obtained in an acid 
steel sample than a basic. This is a fact, and while it is only with 
the greatest difficulty that samples cut from large basic ingots 
can be grain refined by treatment only, and the ‘‘ingotism”’ dis- 
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solved, this can be done with ease in an acid sample. I a! 
that this holds good in grain-refining ingots before forgiie py; 
I am not prepared to say that after the material has been worked 
and forged, the acid steel would respond to treatment more reaj. 
ily than the basic. In fact, I have never found any iniiecatioy 
of this, but I do know that, since the ingot crystals in the acig 
may be more readily broken up by heat treatment, therefore } 
can be more readily dissolved when heating for forging, and ox 
must be less likely to have slips or slides, due to undissolved crys. 
tals, in acid material than in basic. The contention that the acid 
steel is less likely to show defects which are the result of eithey 
poor “‘condition’’ or ‘‘ingotism’’ which has not been thoroughly 
eliminated by treatment or work is borne out by the far greater 
frequency and ease with which satisfactory transverse test bars 
ean be obtained in acid steel forgings than in forgings made of 
basic material. 


Know 


Written Discussion:—By W. H. White, U. S. Naval Gun Fac 
Washington, D. C. 


The author has a very interesting paper and it is known that 
plant many tons of high grade acid steel have been manufactured, ‘‘! 
grade’’ because physical results measure quality and most of his s' 
required such a test. 

The superiority of acid open hearth steel over basic open ly 
is not entirely due to the natural silica bottom and the resulting 
reactions of the slag from which it is claimed a nascent silicon 
accomplished. When operating an acid unit it is known that a certain | 
grade scrap must be had to begin with; this in itself is the beginning . 
a better heat of steel. If the chemistry of the acid process would 
charge of the poor variety such as is used in many basic furnaces, | 
reduction of nascent silicon from the silica of the slag would h: 
accomplished on the charging platform, as this is where the heat 
after melt down. 

Many tons of high grade basic carbon and alloy steel are bei: 
in this country today and the automobile industry has made the 
demand for better basic steels. The ‘‘melt ’em down,’’ ‘‘ get 
‘*knock ’em out’’ type of melter is being replaced by the man wh: 
his charge, slag and furnace, knows the chemistry of his steel and 
duplicates conditions because metallurgical history has convinced him that 
results are consistently obtained by standardized melting practice. It 's 
believed the same study and thought can be made of basic slags t! 
being made of acid slags, for ‘‘we do not make steel, we make slag,’’ 20! 
if the slag condition is correct the result will be good steel. In plant 
an acid slag which has more than a total of 35 per cent manga’ 
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DISCUSSION 737 
together puts this particular heat in a questionable status; this 
re has been arrived at as a result of a study of slag color and condition 
nd a close analysis of many heats. 





Slags containing over this amount of 
on and manganese did not furnish the characteristic pea green color upon 
hilling and breaking; they were dull gray on the surface and always asso 
i a more or less wild heat. 








dated The ideal acid slag is pea green upon 





ling and breaking, shiny and black on the surface, very gummy when 
ot, and brittle when cold. After Mr. DeMare’s paper, published in the 
Iron Age of June 8, 1920, we made many heats following general good acid 
practice and the silicon pick up was recorded. 








Very few heats gave more 
shan 0.05 or 0.06 of 1 per cent silicon increase; this is not sufficient to 
improve the quality of a heat with a doubtful record or one that has not 
shown a green slag 30 minutes after melt down; in other words, it is more 
important that the charge be physically and chemically right for any heat 
3 that for a heat to finish 0.25 per cent carbon on melt down of at least 
75 points will be obtained and also a green slag at least 30 minutes lafer. 
This is considered more conducive to a good heat than depending upon a 
yiscent silicon pick up to improve a heat inherently bad through the char- 
ter or make-upyof the charge. 

The picking up of any considerable amount of silicon in a low carbon 
beat is at best very difficult and can only be accomplished by obtaining «a 
neutral slag together with a very high temperature. 













With increasing carbon 
ntent, this reaction is much more pronounced, probably due to the lower 
melting point of the higher carbon material and the tendency of the slag 
to neutralize itself with greater ease and to permit the reduction of silicon 
from the silica of the slag. 

It will be noted from the log attached that a silicon pick up of 0.06 
wints was not obtained until after 100 pounds of 80 per cent ferromanganese 
lad been added to the heat, thus entirely killing it prior to tapping; it will 
iso be noted that the heat melted 0.79 per cent carbon and the first slag 
test taken right after melt down was green. The word ‘‘condition’’ is very 
appropriate and the oceurring of this ‘‘condition’’ at the proper carboa 
content for a go-ahead with as little doctoring as possible makes for good 
practice. If too much light and rusty scrap and not enough pig is charged, 
uo silicon pick up ean be obtained and no ‘‘condition’’ will occur from a 
natural clean working heat. It is not reasonable to believe that a few hun- 
redths of one per cent silicon, “if such did oceur in an ill-working heat, 
would clear its reeord. I believe that most good heats are made before they 
are charged in the furnace by the selection of the right kind and amount 


of scrap and pig iron and this applies to all grades of steel and methods 
of manufacture, 


















It is our practice to make no ladle additions, even aluminum, when 
required, being added in the furnace just before tapping. Due to slow rates of 
solution and the short period of time the steel is in the ladle, thorough dis- 
mination of ladle additions is questionable. The paper states that no sul- 
plur can be removed, but if a high manganese content is in the initial charge 
‘sulphur pick up ean be avoided and at times a slight reduction can be made. 
In regard to ‘‘flakes,’’ no two writers have given the same reason for 
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this defect occurring in steel, but after fighting it for a year i, 
steels with both basic and acid furnaces we find it exists in the i) 
it leaves the steel-making plant, and the forging and treatment 

sannot eliminate it or even improve a heat of steel wherein it ex: 
cessful bars have been taken from lucky spots of the forging 
machining the little cracks show up. Many tons of steel being m: 
would show this defect if transverse bars were pulled on them. 

steel free from ‘‘flake’’ no formula can be given; it requires r 
The use of good material, proper furnace practice, correct teeming 
proper steel temperatures go a long way to keep us on the right track. 


Heat No. A-113 

Open Hearth Carbon Casting Heat 
Time Charge, total 

Carbon Scrap 

Pig Iron 

Carbon Scrap 

Carbon Shavings 

Carbon Shavings 

Started charging 

Charged 80% manganese 

Finished charging 

Burners shifted every twenty minutes 

Melted down 

Test for C. 0.79, P. 0.045, Ni. 0.47, Slag green on melter’s + 
Test for C. 0.74, Slag green on melter’s test 
Test for C. 0.73, Slag green on melter’s test 
Test for C. 0.70, Slag green on melter’s test 
Furnace down, oil off 

Furnace on, off 10 minutes 

Charged ore 

Test for C. 

Charged ore 

Test for C. 0.50, Slag 


artn 


S. s 


_— 


0 


Charged 
Test for C. 0.38, Slag green on melter’s 
Test for C. 0.32, Slag green on melter’s 
Test for C, 0.25, Slag green on melter’s 
Heat being held for Sil. reduction 
45 Test for C. 0.24, Slag green on melter’s 
700 P.M. Test 0.03 Silicon 
715 Test for C. 0.21, Slag green on melter’s 
Charged lime 
Test 0.08 Silicon 
Test 80% Mn. 
Test 0.09 Silicon 
Hot test, 28 seconds 
Hot test, 27% seconds 
Charged 50% silicon 
Charged 80% managanese 
Rabbled 
Hot test, 16 seconds, Film top 
Tapping test, C. 0.25, melter’s test showed Slag green 
Tapped in ladle, aluminum, 2 pounds added in the furnace 
Pouring in ladle 5 minutes Held in ladle 4 minutes 
Pouring casting 
Spoon test for melt supt., quiet, Spoon test for laboratery, qui 
Skull on ladle, full bottom 


1 

11 
11 
12 
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RADCLYFFE FurNeEss: In reply to the comments by W. H. White of t 
U. S. Naval Gun Factory, Washington, D. C., on my paper, it is evident that 
have not made myself clear. I mention that in the silica bottom lies the supe! 
iority of the acid process over the basic. Not for one moment do | mean ' 
imply that the ‘‘pick-up’’ of a few points of silicon will make the differer 
between a good and bad heat. I have endeavored to emphasize the fact | 
this ‘‘pick-up’’ of silicon will not occur until all of the various p!icnomel 
such as a good slag, a hot bath, etc., have been obtained, and that t ) 
up’’, or ‘‘condition’’, as I call it, is so well marked as to be easily scel | 
any one of experience, thus giving the acid melter a decided advantag' 
the basic. 
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THE BASIC OPEN HEARTH PRACTICE 


By E. A. WuitrwortH 


Abstract 

















This paper has three divisions, the history of the 
basic open hearth steel melting practice, furnace design, 
and practice for high grade carbon forging steel. The 
production of basic open hearth steel has increased 
enormously since the early days of the industry. Fur- 
nace construction has been improved by devices for 
lengthening the furnace life, such as water cooled ports. 
buckheads, valves, etc. The basic open hearth process 
will permit such varying percentages of pig iron and 
scrap tn the charge that it readily accommodates itself 
to local conditions without undue increase in costs. 
The largest part of the basic open hearth tonnage is 
made in stationary furnaces, the pig iron charge being 
regulated to give the greatest efficiency. The author 
gives the method that should be followed in the making 
of first-class forging steels in order to obtain the best 
resu Its. 








| presenting a paper on the basic open hearth steel melting 
practice in the time allotted, it will be impossible to cover the 
subject in detail, so [ have chosen to divide my paper as follows, 
dealing more or less generally on each point: 









History 
2. Furnace Design 
Practice for high grade carbon forging steel. 


INTRODUCTORY 












The basic open hearth process has been an extremely im- 
portant factor in the development of our steel industry, having 
made available the great natural resources of iron ore, giving 
ls a wide range of steels suitable for all commercial uses at a 
relatively low cost. 

The process allows for the production of steels from a great 
variety of charges, and by the variation in practice, makes pos- 


_—.. 


The author, E. A. Whitworth, is associated with the Gathmann Engineer- 
ig Company, Baltimore. 
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sible the working of the process economically with rega: 
supply of scrap and pig iron. 

The development of the process has made possible th 
of iron of any phosphorus content, which makes possible th, 
of ore deposits which could not otherwise be used, and ‘hie ¢, 
verting of this high phosphorus iron into low phosphorus ste 
scrap in the basic open hearth furnace has enabled one {0 jx , 
cheaper scrap for the acid open hearth process, making 
cheaper production. 
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History 





Before proceeding with the details of the paper, a brief his. 
tory of the process might be of interest. From 1857 to 186] 
William and Frederick Siemens in England developed gasific,. 
tion of the fuel in combination with a new regenerative principle 
applied to the heating of the gas and air for combustion. Foy 
1863 to 1867 William Siemens and the Martin Brothers of Fran 
developed the pig and scrap method successfully and by 1s#s 
William Siemens had developed successfully the pig and ore pro: 
ess. In 1879 the Thomas Gilchrist, or basic process, as applied 
to the Bessemer converter, was demonstrated as a commercial 
success at Middlesborough, England, and its application to the 
Bessemer and open hearth process spread rapidly, particular 
on the continent, to make available the large deposits of hig) 
phosphorus ores. 

Samuel T. Wellman built the first successful open hearth 
furnace in this country at the Bay State Iron Works of South 
Boston in 1869. It was five to six ton capacity and melted on an 
acid bottom. Wellman and George W. Goetz, both of the Otis 
Steel Company at that time, made steel on a basic bottom a 
their plant for about four months and discontinued the exper. 
ment. The manufacture of the first basic open hearth steel as 
a commercial product was produced at the Homestead Works 0! 
Carnegie, Phipps & Company, March 28, 1888. The plant cor 
sisted of four small furnaces, with dolomite and tar )ottoms. 
By the close of 1890 the Homestead Works had sixteen basic ope 
hearth furnaces, varying from fifteen to thirty-five tons. (0! 
siderable trouble was had in operations, due mainly to Dotto 
troubles, until improved methods of putting in bottoms with 
magnesite were put into practice. 
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vas estimated in 1890 that the production of basic open 
steel was 90,000 net tons out of a total of all open hearth 

575,000 tons. Present day production with full capacity 
» about 30,000,000 tons. 











FURNACE CONSTRUCTION 


In the early construction of furnaces the checker chambers 
were directly under the hearth of the furnace. No attempt was 
made to direet the flame by means of ports and the roof of the 
furnace was burned out very rapidly. 

The Lash type of furnace with horizontal checkers, using 
natural gas, Was the first successful basic open hearth furnace 
being operated at Homestead. This furnace has been modified 
and improved until today it is very efficient, both from the stand- 
point of production and life, but on account of the scarcity and 
high price of natural gas and the uncertain supply in the winter 
months, the natural gas furnace has rapidly been replaced by 
furnaces using producer gas, oil or coke oven gas. 

The producer gas furnace is of entirely different port con- 
struction from the natural gas or open port furnace, in that it 
is necessary to preheat the gas in the gas chamber in order to 
obtain adequate flame temperature. This makes necessary larger 
regenerative systems and more complicated and costly furnace 
construction. 

Like natural gas, coke oven gas cannot be preheated without 
breaking up and has the same advantages over producer gas in 
the elimination of costly gas-making equipment, making more 
simple the port, uptake and cinder pocket construction. 

Furnace construction for all furnaces is also simpler and less 
costly than for producer gas, however, producer gas construction 
ip to the port level with knuckle point of roof six inches below 
the main roof with port roof 12 inches above the knuckle point, 
having proven to give best oil consumption. 

There are many improved devices for preserving and length- 
ting the furnace life in the form of water cooled ports, buck- 
heads, skewbacks, back and front wall doors and frames, valves, 
dampers, and reinforced arch roof construction. These cooling 
devices are warranted only up to the point where the cooling 
tect begins to lessen. the thermal efficiency. 
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The following is considered well-placed and furnac. 


design 
practice : 


Fuel—producer gas 
Capacity—100 tons 
{ 24 inches of fire brick 
Bottom { 12 inches of mangesite brick 
| 12-18 inches of burned magnesite 
90 feet from center to center of furnaces. 
Skew back—60 inches above sill-line. 
Roof { 12 inches standard and 18 inches rib brick 
| 24 inches spring 
Water cooled doors and door frames, front and back wall slay lin 
Metal case brick bulkheads. 
Air regenerators—For one, a minimum capacity of 70 cubic feet per ton of 
steel and minimum heating surface of 60 square feet per ton. 
Gas regenerators—For one, a minimum of 50 cubic feet of heating surf 
and 100 square feet heating surface. 
Valves—Damper type. 
Producers—mechanically fed and operated, two per furnace, « 
gasify 3,000 pounds of coal per hour per producer. 
Stock—150 feet minimum. 
Waste Heat Boilers. 
Covered stock yard with bin system for raw materials and refractories 


COOlLeTs 


Basic OPEN HEARTH PRACTICE 


The basic process permits such varying percentages of piv 
Jy ine | 


iron and scrap in the charge that it readily accommodates itsel! 
to local conditions without undue increase in costs. 

Where serap is plentiful and cheap it is possible to operate 
on a 39 or 40 per cent pig iron and 60 to 65 per cent serap charge. 
Where pig iron is scarce and high priced, it is possible to charge 
100 per cent scrap, using coke to get the necessary carbon in the 
melting. Other localities may have a plentiful supply of pig iro 
at a relatively low cost, in which case the duplex process is used, 
which is the combination of the Bessemer and tilting furnace. 
Stationary furnaces do not operate to give good practice oi 
charges running over 60 per cent pig iron, because of excessive 
overfiow of slag and comparatively high losses. 

The largest part of the basic open hearth tonnage is mat 
in stationary furnaces, the pig iron charge being regulated to 
give best efficiency. Limestone scrap and pig iron are charged 
in order for low percentage of pig charge, and limestone, rt, 
serap and in two to three hours pig, for high pig charge, either 
hot or cold, whichever is available. After the hot metal is added 
a reaction starts with the oxidation of silicon, manganese, pho 
phorus, iron and carbon to a small extent. The slag formed 's 
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yizh in iron oxide and silica and is low in lime and magnesia and 
optains a large portion of the manganese and phosphorus, which 
allowed to drain from the furnace. The tapping slag is formed 
from the limestone as the heat melts. Regardless of the loss of 
manganese and iron in the run off heats, it makes for faster 
yorking on the high pig iron basis. The average basic pig iron 
calls for silicon averaging 1.00 per cent, manganese 1.50 to 2.00 
yer cent, sulphur 0.040 per cent or under. 
has not become troublesome. 






Phosphorus as yet 
The manganese content varies quite 
widely but the high manganese is found quite extensively in use, 
primarily in the making of high grade steels as alloy and carbon 
forging steel, in which cases the low pig iron percentage in the 
charge is used so as to maintain the manganese in the final slag 
and maintaining a higher residual manganese in the bath itself. 

Manganese is a very useful element both in the slag and in 
the steel. In the first place it confers fluidity in the slag as well 
as basicity, prevents the absorption of sulphur inthe iron and 
breaks up FeS when formed, acts as a deoxidizer in the later 
stages of the heat and lessens the amount of non-metallic ineclu- 
slONS. 

In the making of first class forging steels, the best results 
are obtained as follows: For a charge of 210,000 pounds use 
limestone charge of at least 10 per cent, or 21,000 or 22,000 
pounds; 60 per cent clean scrap and as much heavy scrap as is 
available, and 40 per cent hot metal. With pig iron of 0.90 to 1.00 
per cent SiO, and 1.75 manganese and fairly sharp working 
furnace, using oil for fuel, the heat will melt close enough to the 
desired tapping point in carbon so that it will not be necessary 
fo use an excessive amount of ore for decarburization. There 
should be no addition of ore for at least 30 minutes to an’hour 
before tapping so as to insure the absence of FeO in the bath. 
After the bath has been worked down in carbon to the go-ahead 
point and the slag is shaped up and the temperature is about 
that which is wanted by the melter, the addition of 2500 pounds 
of 10 per cent SiO, pig is made to the bath after the final pre- 
liminary test is sent to the laboratory for analysis, elements de- 
termined being carbon, manganese and sulphur. It takes from 
‘wenty minutes to half an hour to get results back to the open 
hearth, during which time the oxidation of the silicon rather than 
the carbon. takes place, allowing the melter to figure the bath the 
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same as when the final test was sent to the laboratory. {he y,, 
of ferrosilicon at this point is very beneficial as a deoxidizer 
cause its oxide SiO, seeks out the manganese oxide suspended jy 
the metal, forming manganese silicate, which is easily fisible 
pouring temperature, causing it to coalesce and go into the gla 
readily, while the manganese oxide is likely to remain suspended 
eausing defeets in the metal when cold. The silicon also rege, 
with any carbon monoxide or ferrous oxide dissolved in the bat) 

In order to guard against rephosphorization, it is iecessan 
to have a highly basic slag with at least 55 per cent active bases, 
CaO and MgO. This strong basic slag also favors removal 9; 
sulphur. 

Before the silicon addition, the melter has the bath in shay, 
from. the slag and temperature condition. From this point on th 
flame in the furnace is reduced, causing the slag to cool decidedly. 
the temperature of the steel underneath being only slightly r. 
duced on account of the slag being a poor heat conductor. This 
thermal change has the effect on the slag of increasing its affinity 
for oxides, principally FeO and MnO. 

After the result of the final preliminary analysis is received 
from the laboratory, and before the bath is allowed to come back 
to action in the slightest degree, the necessary amount of ferro- 
manganese to meet the chemical specifications is added to the bath, 
and after waiting from five to seven minutes the heat is tapped 
into the ladle. When the ladle is about 14 full, the silicon neces 
sary to obtain chemical specifications is added, after which °, 
of a pound of aluminum per ton of steel is added. ‘he ladle is 
then taken to the pouring platform where the heat is teemed 
through a 2-inch nozzle into the ingot molds. 

The practice which I have just described is used in the melt: 
ing of alloy steels and high grade carbon forging steels. [n most 
plants, however, it requires skill and good judgment on ‘hie par 
of the men in the shop, and good results can only be obtained 
to the degree of the training of the organization. 


} 
i. 


CHAIRMAN J. A. MATHEWS: There is no contributed discussio: 
so the discussion of the two processes, or a comparison of them, or t!: 
ences, is now in order. I am sure there is a good deal to be sai: 
aside from what has been said this morning by the speakers. It 
subject.. Are there any questions to be asked of the speakers’ 
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|. J. STEGEMAN: What causes laminations in steel? Does it occur after 
the st is rolled and fabricated, or is it caused in the melting or casting 










IRMAN MATHEWS: Are you referring to carbon or alloy steels, or to 
, special type of steel? 
H. J. STEGEMAN: I refer to carbon and manganese steel. It seldom 
appens in the chromium steels. 
“CHAIRMAN MarHEws: Will the speakers discuss the cause of laminations. 
RADCLYFFE FURNESS: I think it would be quite difficult to give all the 
auses for laminations, because ‘‘laminations’’ is a term that is applied to 


‘innumerable defects that occur in steel. The so-called lamination can come 
from a blow-hole, a small spot of slag, oxides, or any foreign material; they 
an also come from a slip between crystal faces. 

Now, for the reasons that I tried to point out in my paper that acid 
steel has a better chance of being clean, a better chance of being free from 
slips than basie steel, 1 feel that it has a better chance of being free from 
aminations. 


CHAIRMAN MATHEWS: Any other questions? 

Dr. ZAy JEFFRIES: I would like to take this opportunity of putting 

some questions to the steel melters in a border line field between heat treat 

ment of solid steel and the behavior of steel when it changes from the liquid 
the solid state. 

The existence of delta iron is now thoroughly established. That is, 
len pure iron first solidifies, it crystallizes in what is called the body-cen- 
tered cubie space lattice. Then, on cooling, to approximately 1400 degrees 
Vent., the body-centered space lattice is transformed into a face-centered cubic 
space lattice, which represents a more dense packing of the iron atoms. This 
transformation takes place with evolution of heat. Ranging from 1400 to 900 
egrees Cent., the face-centered cubic lattice, called gamma iron, persists. 
\t 900 degrees Cent. the iron goes back again to the body-centered cubic 
attice, with an inerease in volume in the neighborhood of 1.4 per cent. Th: 
uldition of carbon to pure iron’ raises the temperature of the transformation 
from delta to gamma iron. 

\pparently, according to Dr. V. N. Krivobok, at approximately 0.55 of a 
per cent of carbon the iron solidifies directly in the gamma condition—that 
is, in the face-eentered condition or more dense packing of the atoms. I! 
‘ould appear, then, that carbon steels containing less than approximately 
99 per cent carbon should undergo a marked shrinkage in the ingot mold. 

it would be expected that the shrinkage would be less with, say, 0.40 per 
ent carbon, than it would with 0.20 per cent carbon. That is a field in which the 
nelters must have had a great deal of experience. And what I would like 
(0 ask is, first, cam the melters, from their experience in the teeming of in- 
gots, state definitely that there is such a change in the low carbon steel ingots 
alter solidification, and, secondly, is that change, if it has been observed, ab- 
sent in steels containing 0.55 per cent carbon or more? 

CHAIRMAN MATHEWS: I understand, Dr. Jeffries, you would like those 
who are familiar with melting practice to state whether there is any observ 
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able phenomenon taking place in the translation from delta to gaming 
Can you answer that, Mr. Furness? 
RADCLYFFE FURNESS: I would like to have the question put again, 


as to whether you noticed a change in volume at a certain stage in { 
fication of the ingot? 


Dr. ZAy JEFFRIES: That is right. 

RADCLYFFE FURNESS: Whether there is a change in volume? 

Dr. ZAY JEFFRIES: A shrinkage, in fact, while the steel is still white }o 
RADCLYPFE FURNESS: And an expansion afterwards. 

Dr. ZAy JEFFRIES: The expansion is observed very readily; that jis, tl 


expansion that accompanies the transformation at the lower critical tempe 
ature, 


iron 


Ig It 


€ sohdi- 









































RADCLYFFE FURNESS: I would say yes, that I have seen something similg, 
to the above. My example is crude, but I think positive. 

When pouring an ingot of any magnitude, after you have poured well 
up into the mold, it is my understanding, and I believe the general belief. 
that the ingot is self-supporting, that the skin has shrunk away from the sik 
of the mold, and the fluid metal is held within the skin. In other words, that 
the skin is not in contact with the mold. I know of a ease where an ingot 
of very large area, after it had been poured, burst the skin and let the meta 
down between the skin which had been formed and the mold. 

Perhaps I have not expressed myself clearly. The ingot was poured 
—everything was through—the ladle had gone away, and we suddenly say 
some metal come out between the bottom and the mold. Later, in taking th 
mold off we found that the skin of the ingot had broken, and the metal had 
come out and run down between the original skin and the mold, and was 
deposited on the bottom. : 

Now, whether the case mentioned was due to an undue local expansion 
of the mold in the neighborhood of the broken ingot skin, I cannot say, but 
the ingot had stood as finished for fully four minutes before the phenomenoi 
occurred. This is the only case that I know of in my experience which woul 
seem to have any bearing on the question asked. 

CHAIRMAN MATHEWS: Are there any other observations on this matte! 

IvAN RAcHEFF: Dr. Jeffries’ question is very difficult to answer due t 
the fact that the solidification will take place in a number of different con 































































































the steel, upon the size of the mold, the time of solidification, and the evolu 
tion of the gases in the meantime. Those conditions are never the same, i! 
respective of identically the same chemical analysis. 

D. J. GRANGER: I would like to ask something about the S. A. EF. 102 
steel. We were making a small part about four inches long that had to b 
drilled with a 7/16 inch high speed steel drill. We had recently changed 
from ordinary mild steel to S. A. E. 1020 with the idea that it would machin 
more readily. There were 10,000 forgings made of'this steel and the customer 
complained about the difficulty he had in drilling the S. A. E. 1020 steel. It 
broke his drills, and he said it cut his production down about fifty per cent. 
We had another case similar to that of S. A. E. 1020 steel on a machin 
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‘his lever was drilled and also hollow milled. They used to break their 
irills also. I was wondering if the 8S. A. E. 1020, properly made, would do 
shat, and if it does, if if could not be improved in some way by adding either a 
‘ttle sulphur or phosphorus, or something, to make it machine more readily 
and still not change the strength of the material very much. 

CHAIRMAN MATHEWS: You cannot have too much sulphur and phosphorus 
for then it would not be 8. A. E. 1020 steel. 

D. J. GRANGER: Well, that is true, but there is open hearth steel that 
shey use and earburize, and it still seems to be strong enough for the purpose. 
It ecems to me that it is a question there of the possibility of probably im- 
proving the S. A. E. 1020 steel. 

| might also say that in drilling that 7/16 hole, after we got down about 
three inches, the end of the drill would force its way and drill an irregular 
hole, foreing the round section to one side. In other words, the hole was not 
, perfect round. You might say that was probably due to forcing the drill 
too rapidly, but they have been drilling mild steel under the same conditions. 
s, A. E. 1020 is supposed to be a standard steel and ought to be a uniform 
grade of steel. 

CHAIRMAN MATHEWS: Are any of the makers of S. A. E. 1020 steel in 
the room? 

MEMBER: I might say that S. A. E. 1020 is one of the most difficult 
srades of basic open hearth steel that the open hearth melter has to make. 

CHAIRMAN MATHEWS: If there is no further discussion, we will have the 
paper on ‘‘ Electric Furnace Steel.’’* 

































The last paper of this series begins 
on the next page. 


_ 





‘Presented by Jerome Strauss, U. S. Naval Gun Factory, Washington, D. C, 
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ELECTRIC FURNACE STEEL 
By F. T. Sisco 


The basic electric process is used for the manu 
ture of high grade alloy and tool steel wngots, occasiv i 


Abstract 


The acid process is used princip 


tion, with partial oxidation, or without oxidation. 
der average conditions melting with partial oxidatio: 
productive of the highest grade steel. 
oxidizing gases present in the electric furnace, iron oxic: 
in the form of tron ore, roll scale or the oxide on 
scrap must be used to supply the oxygen. The sili 
and most of the manganese are oxidized and removed | 
the time melting is completed. The oxidation of the sii 
con is complete and the oxidation of the manganese can be 
controlled. The removal of the phosphorus depends 
upon the basicity of the slag, an excess of oxygen ani 
a relatwely low temperature. 
oxidation, practically all of the phosphorus is eliminated; 
in partial oxidation part of the phosphorus is removed; 
and in melting without oxidation the phosphorus is 
affected. The oxidation of the carbon is also dependent 
upon the amount of oxygen present and takes place mos! 
rapidly at a high temperature. 
is removed the metal may be recarburized with grown 
electrodes or other form of carbon. 
usually necessary in melting with complete oxidation, bi! 
in general is not good practice. 

Deoxidation and desulphurization take place in t 
final period and are accomplished by means of a very 
basic, fluid slag containing an excess of carbon, calcium 
carbide or both. Deoxidation takes place first in the slay 
where ferrous and manganese oxides are reduced to their 


As there ar: 


The direct arc furnace wit! 
non-conducting hearth is used almost exclusively in 
United States. In the basic electric process the scrap is 
melted under oxidizing conditions that may be close, 
controlled. Melting may thus be with complete oxida 


for castings. The advantages of the electric process are: 
(1) extreme flexibility and (2) high quality steels pio 
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slug to restore the disturbed equilibrium. Practically all 
o| the ferrous oxide in the metal is thus eliminated. 
Part of the manganese oxide in the bath is deoxidized. 

e remainder remains in the metal until it reacts with 
silica later in the period. The addition of ferro-manga- 
nese is made after the slag is deoxidized. Ferro-silicon 

added to degasify the metal and remove carbon monox- 
| The reaction product, silica, reacts with suspended 
manganese oxide to form manganese silicate, which is 
lijuid at bath temperature and which coalesces into par- 
ticles large enough to rise to join the slag. The deoxidiz- 
ing slag desulphurizes almost completely. Calcium car- 
hide is a more efficient desulphurizing agent than carbon. 
After deoxidation and desulphurization are complete 
aid all of the alloys added, the temperature is adjusted 
and the heat tapped. Electric steel is usually poured 
vid to restrain piping and cracking. 






















INTRODUCTION 


‘THE electric process for the manufacture of steel, although 

less than 20 years old, has grown from an experimental 
process producing only 13,672 tons in 1909 to a commercial process 
producing 432,526 tons in 1924, or an increase of more than 3000 
per cent. In the past decade the production of electric steel has 
increased more than 500 per cent while the total steel production 
has increased only 18 per cent. This growth has been a healthy 
one; it has been due to the advantages of electric steel over the 
product of any other process, advantages that more than over- 
shadowed its disadvantage of higher cost. 

The outstanding advantages of the electric process are flexibil- 
ity and the production of steels of high quality in tonnage lots. 
It is more flexible than any other process. It can be used to 
elt cold charges or refine molten metal. It can be used for in- 
vots or castings. It can melt and refine steel or pig iron. The 
temperature ean be controlled closely; and the two impurities, 
always present in pig iron and steel serap, sulphur and phos- 
phorus, ean be reduced to a commercially irreducible minimum. 
It is the only commercial process that will both oxidize and de- 
oxidize by means of slags that may be made oxidizing or reducing 
at will. 

With the electric process, steels of crucible quality can be 
produced in lots up to 30 tons or more at a time. It can refine 






















750 TRANSACTIONS OF THE A. 8. 8. T. 





a relatively poor grade of pig iron and steel scrap and pr 
alloy or tool steel far better than either the Bessemer 
hearth process and at a cost only slightly higher. 
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GENERAL DIVISIONS OF ELECTRIC STEEL MANUFACTURE 





Electric furnaces may be lined with either acid or basic y. 
fractories. The acid electric process is similar to the acid open 
hearth process in operating details and chemical reactions an 
so may be dismissed with only a few words. The steel melte 
in acid furnaces is confined principally to the plain carbon eras 
used for castings. No sulphur and phosphorus removal takes 
place in the acid furnace; the process is almost wholly a melting 
and superheating operation. 










Acid electric steel is ordinarily 
higher grade than that of other melting processes used in foundry 
work. This, coupled with the flexibility of the process, has rv. 
sulted in the electric furnace becoming the preeminent melting 
medium in the jobbing foundry. 

In the basic process the furnace is lined with basic refracto. 
ries, magnesite brick for the brickwork of the bottom and lower 
side walls and ground magnesite and dolomite for the sintered 
bottom and banks. The slags used contain an excess of active 
base (calcium oxide, CaO). By the proper control of the chemi- 
eal characteristics of the slag nearly all of the phosphorus and 
sulphur may be removed from the metal. In addition—and this 
is a most important function—the slag may be made deoxidizing, 
thus aiding in the complete elimination of oxides and gas dis. 
solved or suspended in the bath. 

There are two main divisions of the basic process: (1) the 
cold scrap process; and (2) the hot metal process. In the former, 
scrap is charged into the electric furnace. This is melted and the 
oxidizable impurities removed either wholly or in part. Thi 
oxidizing slag is removed and a new slag formed. The function of 
this final slag is to deoxidize and desulphurize the metal and thus 
produce sound steel. 

In the hot metal process a charge of partly retined molten 
metal is poured into the electric furnace where refining is com- 
pleted. Basic open hearth metal is usually used; hence it is only 
necessary to deoxidize and desulphurize in the electric furnace. 
As the basic open hearth is an oxidizing process, all of the oxidiz- 
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able elements will have been removed before the metal is charge 
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“to the electric furnace. 
ils 
refining process. 


We may say that the hot metal process 

The hot metal process is often known 
xing and is only practical in the large steel plant where 
4) unlimited supply of hot metal is available. 

Costs are much higher in the cold scrap process. 
+) the excessive power consumption in melting. The high power 
ost of melting the cold charge is partly due to a high demand 
harge that the electric steel company must pay to have the power 
available, even though it is used for only a short period at the 
howinning of the heat. In the hot metal process this excessive 
melting cost is not present. 
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ELectTrRIC FURNACES 


Three types of electric furnaces are used in the production 
of steel: (1) induetion; (2) indirect (or independent) are; and 
') direct are. The first two are not used to any extent in the 
United States and but little more abroad. 










They are, however, 
ised somewhat extensively in melting non-ferrous metals and al- 
loys. The induction furnace is built on the transformer principle 
the molten bath forming the secondary side of a step-down 
transformer. The furnace is a ring-shaped refractory-lined ecruci- 
ble which holds the charge, surrounded by the primary windings 
‘the cireuit. The eurrent induced in the bath is of low voltage 
and correspondingly high amperage. 




















The disadvantages of the 
furnace are: (1) very high temperatures cannot be attained; (2) 
nelting cold serap is impracticable, as a small pool of molten 
netal must be left in the furnace to start melting in the next 
heat. In the indirect are furnace the charge is heated by radia- 
tion from the are of two or more electrodes suspended above the 
‘harge. This type furnace has the disadvantage that the upper part 
i the bath may be overheated while that portion near the bot- 
tom will be too eold. 

The direct are furnace is of two types: (1) non-conducting 
hearth; and (2) conducting hearth. The former is used almost 
exclusively in the United States and is exemplified by the Heroult 
ind the Moore furnaces. The most common conducting hearth 
iumnace is the Greaves-Etchells. Practically all direct are fur- 
laces are three phase. Non-cénducting hearth furnaces have three 
lectrodes let down through the roof at the vertices of an isosceles 
triangle. Conducting hearth furnaces have two or multiples of 
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two electrodes connected to two of the phases; the bott 
nected to the third phase. The advantages claimed fo) ;} 
ducting hearth furnaces are: (1) absence of violent poy 
in melting; (2) steadier load; and (3) convection cu 
the molten metal which aid in refining. The chief ob 
the furnace—from the standpoint of the American fun 
is liability to bottom trouble. 
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GENERAL DETAILS OF THE Direct Arc, Non-Conpr: 
HEARTH FURNACE 






Fig. 1, a section through a 6-ton Herouit furnace, shows } 
details of construction and lining. The latest model furnace 4 
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Fig. 1—Section Through a 6-Ton Heroult Electric Melting Furna 





fers from the one shown in Fig. 1 in having a different tilting 
mechanism. The newer furnace rests on rockers and is tilted 
with a motor and without the aid of a counterweight. The elec 
trodes are set somewhat closer in the new type furnace and the 
arrangement of the electrode masts is improved. 

The power for the electric furnace is brought into the plat 
by high tension feeders. At the furnace it is transformed to ® 
current of about 100 volts. The amperage varies with the siz 


of the furnace: for the 7-ton Heroult it is about 10,000 (max: 
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uum) amperes for each phase. The power factor is usually about 
0.90, ‘Che electrodes may be graphite or amorphous carbon. ‘The 
SUI ges latter are cheaper and stronger than graphite, but must be twice 
“4rrents in as large for the same current-carrying capacity. 


Graphite elec- 
0 trodes have higher thermal conductivity than amorphous carbon. 
ceman— With graphite there is less current and heat loss at the threaded 
int than with amorphous carbon. Both kinds of electrodes have 
‘heir advantages and disadvantages; usually the choice is gov- 
erned by the size of the furnace, the kind of steel made, and often 
by the personal preference of the furnace operator. 


etion + 


, Shows th The basic furnace is lined with magnesite brick up to and 


slightly above the slag line. The upper walls and roof are of 
silica brick. The bottom proper is made of ground magnesite 
mixed with a little ground basic slag and occasionally with tar 
r molasses to make it stick together. This is shoveled into the 
furnace in thin layers and sintered into a hard vitrified mass. 
Dolomite is usually used for the repairs to the bottom and banks 
which are made after each heat. Usually a calcined (burned) 
dolomite is used. Under average conditions, the roof and lining 
last for 100 to 150 heats in the cold scrap process and two to 
three times as long in the hot metal process. With care the 
hottom lasts indefinitely. 

Furnace capacities vary from 1 to 10 tons for the cold scrap 
process and from 15 to 40 tons for hot metal furnaces. The usual 
size is 7 tons for the former and 30 tons for the latter. The 
three-ton furnace is used extensively in the foundry. It is cus- 
tomary to overcharge electric furnaces 10 to 25 per cent. 


CHARGING 


As typieal of basic electric furnace practice we will describe 
the process of making a 6- to 8-ton heat of high grade carbon 
or alloy steel, beginning with the charging of the scrap and ending 
with the teeming of the ingots. 

After the necessary repairs have been made to the bottom 
and banks 500 to 600 pounds of limestone are charged on the 


is tilted 
The elee- 


and the 


bottom of the furnaee. The amount of limestone used varies with 
the size and relative cleanliness of the scrap and with the melting 
practice used. The furnaceman charges enough to have 40 to 
») per cent CaO in ‘his slag. With a clean scrap and no ore 300 
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to 500 pounds of limestone are sufficient; with dirty rap, or 
when ore is added to the charge, 600 to 800 pounds are necessary 

If it is desired to carry oxidation to completion in melting 
iron oxide in the form of ore or roll scale is next charged at 
the furnace. The amount of this added also depends wholly upon 
the character of the scrap and upon the melting practice yseq 
Often the furnace operator will delay the addition of ore wnt 
the metal is melted. 












In charging the scrap the heavy material is charged fipy 
This is followed by the medium sized serap. The small size) 
scrap is charged last. The grade and character of the scrap use) 
in the basic electric process varies widely in different plants, Ip 
general it has been found of advantage to use a clean low phos. 
phorus serap for melting high grade alloy and tool steels. With 
a high grade, clean serap it is not necessary to carry oxidation 
to completion. When the metal is not over-oxidized in meltino 
deoxidation is simpler and a better steel is the result. In the 
electric process no oxidizing furnace gases are present in th 
melting period, hence the electric furnace is an efficient melting 
medium for serap of small size. Punchings, clippings, flashings, 
and other small thin sections, even turnings and borings, can be 
used. This has given the electric process a great economic ad- 
vantage and has been a large factor in keeping costs to a mini- 
mum. Most electric furnaces are charged by hand. Charging a 
7-ton heat takes 30 minutes to 1 hour. 


MELTING 





As soon as the furnace is charged the current is turned on. 
Electrode control is automatic. By means of rheostats we can 
regulate exactly the amount of current delivered to the electrodes 
By means of relays and raising, lowering, and braking contactors 
the electrode movement, up and down, is controlled so that the 
are is of the proper length and intensity to give the temperature 
desired. This are length and resulting temperature will be main- 
tained indefinitely until it is desired to change the current input 
hy changing the position of the rheostats. 

As soon as the current is turned on the furnace and the ares 
strike, the electrodes start boring down through the charge. By 
the time they reach the bottom there is a pool of molten metil 
on the bottom of the furnace. The electrode movement is then 
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upward as the serap around the sides of the furnace melts and 
nereases the depth of the pool. By the time the scrap is all 
melted and the bath is sufficiently fluid the limestone and ore on 
the bottom of the furnace have risen to the top to form the slag. 
Oxidation is now practically complete. 


THE CHEMISTRY OF OXIDATION 


During melting the silicon and manganese in the charge are 
oxidized; the former is wholly eliminated, the latter partially 
removed. The oxidation of the manganese can be controlled to 
some extent; the oxidation of the silicon is complete. 


The reac- 
tions are 

(1) 2 FeO + Si- 2 Fe + SiO, 

(2) FeO + Mn Fe + MnO 

(3a) MnO + SiO, ~ MnSiO, 

(3b) FeO + SiO, ~ FeSiO, 

The manganese and ferrous silicates formed rise to join the 
slag. By the time the charge is melted reaction (1) is complete. 
\ore than half of the manganese is oxidized during melting. The 
oxidation of the residual manganese becomes increasingly difficult 
as the percentage becomes lower. 

On account of its deoxidizing powers it is of advantage to 
have 0.15 to 0.35 per cent manganese in the molten bath when 
oxidation is complete. When the residual manganese is less than 
).10 per cent it is certain that oxidation has been carried too far. 
It is very diffieult to completely deoxidize an over-oxidized metal. 
Poor steel is likely to result. 

The oxidation of the phosphorus depends upon three factors: 
1) an excess of available oxygen; (2) a very basic slag; and (3) 
a comparatively low temperature. The phosphorus is oxidized te 
phosphorie acid (4a); this combines with ferrous oxide to form 
phosphate (4b). 

(4a) 5 FeO + 2P > P.O, + 5 Fe 
(4b) 3 FeO + P.O, > (FeO),. (P.0;) 
(4c) (FeO),. (P,0;) + 3 CaO > (CaO);. (P,0,) + 3 Fe& 

The ferrous phosphate formed by reaction (4b) is relatively 
unstable; consequently when the ferrous phosphate comes into con- 
tact with ealeium oxide (CaO), a much stronger and more active 
base, reaction (4c) takes place. The resulting calcium phosphate 


is stable provided no reducing agents or free silica are present 
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in the slag. 





In normal conditions, the slag will be oxidivine , 
of the silica will be combined as ealcium silicate and sifficja, 


excess calcium oxide will be present to cause reaction (4) to 
to completion. 


In normal furnace practice the oxidation of the phosphor 


or 


- 


is 


takes place after all of the silicon and most of the manganese ay, 
oxidized and before an appreciable amount of the carbon is oxidize) 
Below a temperature of about 2550 degrees Fahr. (1400 «. 


grees Cent.) phosphorus is oxidized before the carbon. Aboye 
this critical temperature the opposite is true. Hence it js in. 
portant that the temperature of the metal is relatively lov, , 
insure complete oxidation of the phosphorus. This is nearly 3. 
ways the case in melting cold scrap where the temperature j, 
creases gradually. 

The carbon is oxidized by reaction (5). This reaction: 




























(5) FeQ + C > CO + Fe 





is endothermic (absorbs heat) and, as stated above, only takes 
place rapidly and completely above the critical temperature. The 
oretically, all of the silicon, most of the manganese, and prac. 
tically all of the phosphorus are oxidized before carbon is oxi- 
dized at all. Practically, however, the reactions overlap to some 
extent, and as they are all dependent upon the amount of avail- 
able oxygen, the temperature and their heat of reaction with 
oxygen, it is necessary to control conditions closely in order that 
the reactions may proceed in the order desired. 


CONTROL OF OXIDATION IN MELTING 





There are three variations of melting practice in the basic 
process: (1) melting with complete oxidation; (2) melting with 
partial oxidation; and (3) melting without oxidation. In the 
first method an excess of iron ore or scale is charged. By the 
time melting is complete the silicon will all be oxidized. The 
manganese and carbon will both be below 0.10 per cent and the 
phosphorus less than 0.020 and usually less than 0.015 per cent 
(see log sheet Table 1). In this practice a large excess of avail. 
able oxygen is present. As the temperature increases gradually 
the oxidizing reactions take place in their theoretical orde: and 
are all practically completed. The practice has the great advan- 
tage of simplicity; little skill is necessary on the part of the 
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‘urnace operator. The disadvantages of the practice are: (1) the 
metal is usually over-oxidized, making deoxidation more diffi- 
alt; (2) all oxidizable alloys, such as manganese and chromium, 
are lost. The simplicity of melting with complete oxidation has 
resulted in it being the favored practice. It has another advan- 
‘ave in that dirty or rusty scrap may be used. Also, the amount 
of phosphorus in the serap may be relatively high; up to 0.100 
ner cent is quickly and almost completely removed. 

| Melting with partial oxidation is productive of the highest 
yrade steel. This practice calls for unusual skill on the part 
of the furnaceman. In melting with partial oxidation a clean, 
selected low phosphorus serap is necessary. Little or no ore or 
vale is charged. The temperature is kept as low as possible in 
melting, that is, it is necessary to avoid melting down too hot. 
\fter melting 1s complete all of the silicon is eliminated; about 
half of the manganese (and chromium, if present) will be re- 
moved, and the phosphorus, if not over 0.040 per cent, will be 
(020 or below (see log sheet, Table I1). A variable amount of 
carbon is oxidized, depending upon the percentage in the charge 
and the amount of oxide present. The greatest difficulty present 
in melting with partial oxidation is to remove part of the phos- 
phorus without completely oxidizing the manganese and carbon. 
This difficulty is overcome by controlling the temperature closely 
aid keeping the slag very basic, so that phosphorus removal will 
tuke place before the oxidation of the carbon begins. 

The disadvantages of the practice are: (1) a relatively high 
rade scrap (with a phosphorus content of 0.040 per cent or 
below) must be used; and (2) a high degree of skill is necessary 
on the part of the furnaceman. The advantages are: (1) the 
practice is productive of a high grade steel; and (2) a saving 
in alloys is effected. When the heat is melted so that at least 
half of the manganese. and carbon in the charge are left in the 
bath, the metal eannot be over-oxidized. hence deoxidation is sim- 
pler, more rapid, and more complete, and the resulting steel is 
of the best possible quality. 

In melting with no oxidation, a clean, high grade scrap is 
used. No ore or other oxide is used. Lime is charged for the 
‘lag. When the charge is melted the slag is deoxidized by means 
of coke. In this practice the oxidizing period is absent alto- 
gether: the process consists simply of melting and deoxidizing. 
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No phosphorus is removed, hence, the percentage in the Sera 
must be below the percentage permitted in the finished stee]. \e 
most electric steel is required to be low in phosphorus, thie appli. 
cation of the process of melting without oxidation is limited 


+ 
() 

















a few occasional heats, using the scrap accumulating in the y9)). 
ing mills of the electric steel company. 

Log sheets of Table I and II give the melting practice , 
representative heats melted with complete oxidation and partial 
oxidation. Slag and metal analyses are given, together with ¢hp 
details of the furnace practice. Slag compositions given in thes 
logs are approximate, that is, the presence of fluorides has }ey 
ignored. Part of the calcium reported as the oxide (silicate 
actually exists in the slag as the fluoride or as a silico-fluoride 


SLAGGING OFF AND RECARBURIZATION 





After the heat is melted and the chemical composition is that 
desired, the furnace is tilted slightly and the oxidizing slag rv. 
moved by hand rabbling. If desired, the bare bath may be re. 
carburized by adding some form of earbon. Ground electrodes 
are usually used. The electrode butts and broken pieces that 
accumulate are ground to 10-mesh or finer and are weighed into 
paper bags. These bags, containing 10 pounds each, are shoveled 
into the furnace and poled beneath the surface of the metal wher 
the carbon is quickly dissolved. 

If the heat were melted with complete oxidation, the carbo 
content at the moment of slagging would be 0.10 per cent or below 
If medium or high earbon steels are made it is always necessary 
to reearburize after slagging off. In complete oxidation the bath 
is practically saturated with dissolved ferrous oxide. The car- 
bon reacts with this dissolved oxide, producing an evolution 0! 
carbon monoxide gas (reaction 6), which causes the metal to boil 


















(6) FeOQ+C>CO + Fe 









violently. Recarburization after slagging has the advantage 0! 
ridding the bath of most of the dissolved ferrous oxide but 1- 
troduces carbon monoxide gas in its place, some of which wil 
be dissolved or entrapped by the molten metal. Another dis- 
advantage is that recarburization with ground electrodes, coke. 


eoal, or the like, introduces solid impurities, as ash, in the !¢ 
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CU mber 


carburizer. This may be a serious factor if 75 to 12: 
of recarburizer are necessary. 

It has been found that the best steel results from 
with partial oxidation, omitting altogether the reecar\) 
with some form of carbon. Then, if it is necessary to increase th 
carbon content later in the heat, pig iron or washed metal ¢ay 
be conveniently used to raise the percentage the few points ne 
essary to have the carbon within the required limits (sce |p¢ 
sheet, Table IT). 

To curb the wildness resulting from recarburization afte 
complete deoxidation, a few shovelfuls of crushed ferrosilicon ary 
scattered over the surface of the metal. The reaction: 


pounds 


melting 


rization 





























(7) 2€O + Si SiO, + 2C 












stops the boiling immediately. 
Some furnacemen add a portion of the ferromanganese 
the metal after recarburizing. A part of the manganese will be 
oxidized to manganese oxide. When the final slag is added to 
the metal this oxide must be completely reduced to the metal 
again before deoxidation is complete, thus increasing the work 
necessary by the deoxidizing slag. It is better to use ferrosilicon 
after recarburizing if it is necessary to curb the wildness of the 
metal. The silica (SiO,) formed by reaction (7) is contained 
permanently in the slag and does not appreciably affect its de 
oxidizing powers. The ferromanganese may then be added late 
in the deoxidizing period after the slag is free from iron and 
manganese oxide. 
THE DEOXIDATION PERIOD 


In the final period in basic electric furnace practice the 
metal is deoxidized and desulphurized. Deoxidation is accom- 
plished in two ways: (1) by means of a very basie slag containing 
an excess of carbon, calcium carbide, or both; and (2) by deoxi- 
dizing alloys, such as ferromanganese and ferrosilicon. Most of 
the deoxidation is due to the reducing character of tlie slag. 
This reducing slag is unique in ferro-metallurgical processes; 10 
no other steel-making operation can an excess of reducing agents 
be maintained in the slag. The high quality of electric steel 1s 
due principally to the fact that the steel is deoxidized in the 
furnace; time is thus available for the reactions to become col 
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pleted d for the steel to free itself of the non-metallic reaction- 


oduct 

In the Bessemer, basic open hearth and acid open hearth 
process conditions in the furnace are more or less oxidizing 
right up to the moment of tapping. The slag ordinarily contains 
‘ree ferrous oxide and the furnace gases usually contain an excess 
of oxygen. Thus it is necessary to add the ferro-alloys to the 
ladle while the heat is tapping, or to the furnace just before tap- 
ping. The time between the alloy additions and the teeming of the 
‘wots is often not sufficient for the non-metallic reaction-products 
10 leave the steel completely. In the basic electric process ferro- 
alloys may be added a half hour or more before the tapping. The 
alloys become thoroughly distributed and all reactions have time 
enough for their completion. In addition, the slag accomplishes 
most of the deoxidizing. Very little is required of the ferro- 
alloy additions. It is thus readily apparent that the reducing 
saz of the basie electric furnace practice is responsible for the 
superiority of basic electric steel. 

The deoxidizing period varies from 1 to 3 hours in length. 
If the metal is melted with complete oxidation, deoxidation is 
more difficult; it is necessary to hold the bath longer under the 
deoxidizing slag to insure that the metal will be entirely free of 
lissolved ferrous oxide. 

In basie practice the ferromanganese is added as soon as the 
slag is white. Ferrochromium may be added at about the same 
time. The addition of ferrosilicon is deferred until 15 to 30 min- 
utes before tapping. This alloy accomplishes the degasification and 
fnal deoxidation and so should not be added until reducing con- 
ditions in the furnace have been maintained for one to two hours. 
The time of adding the various ferro-alloys is illustrated in log 
sheets, Tables I and II. 


THe DeroxipizIna SLAG 


The deoxidizing slag is composed of lime, powdered coke, and 
luorspar. The amount of the three materials varies greatly, de- 
pending upon the furnace practice—that is, whether it is desir- 
able to make the slag weakly or strongly’ reducing. The white 
‘lag is made up of about 12 parts of lime, 2 parts of coke, and 
- to 4 parts of fluorspar. This slag when cooled in air is pure 
white in color and disintegrates spontaneously and rapidly to a 
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10:10 p. m. 


Heat 


3,127 









Log 


Previous Heat Tap- 
DOG ocsvceccce 
Bottom Repaired— 
Dolomite ...... 
Magnesite ..... 
Belgan Charging — 
Limestone ..... 
Scrap—Low Phos.. 
Crops, High C.. 
Small Scrap 
All Charged— 
Power On .....- 
All Melted—Test 
Taken—Slag 
TOE. .cbssiedes 
Slag off—Added 
Spar to Slag.... 
White Slag on— 
BERG ccna scans 
Coke (100) Spar 
Cee ces eeuss< 
Slag Brown—Coke 
(60) Spar (30). 
Slag almost White 


—Coke ...... ; 
Slag partly Carbide 
—Fluid ....... 


Added Ferro-man- 
ganese (80%).. 
Slag Carbide—Hot 
and Fluid ..... 
Added Ferro-chrom- 
ium (6% C, 
68% Cr) ...-.- 
Heat—Hot—Power 
Reduced—Coke. . 
Added Ferro-man- 
ganese (80%)... 
Slag O. K.—Added 
Ferro-silicon ... 
Added Washed Met- 
al— (4% C).... 
Slag O. K.—Metal 
oO. K.—Lime 
(25) Spar (25). 
Added Ferro-silicon 
50%) devas 
Ready to Tap— 
Ferro-vanadium 
CROSS Doc ne ends 
Ladle Test ....... 


Additions 
Pounds 


500 
9,800 
4,500 
1,800 


16,100 


ree 


*eeee 


Table II 
Log Sheet 2—Log of an Electric Heat Melted with Partial Oxidation 


C 


a. 
— 


.37 


.38 


44 


45 
47 


*Analysis of Scrap and Charge Approximate 
*Slag and metal tests taken just before additions were made. 


Mn 


40 


.39 


.40 


nN 
tw 


.60 


.59 


.67 


.66 


.66 
.66 
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Metal Analysis 


Si 


10 


.005 


.008 


.008 


.019 


017 


.020 


.148 


.193 
.190 


S 


-040 
.025 
.035 


.035 


.032 


-031 


.029 


024 


.023 


.019 


.017 


.015 
.015 


P 


.085 
.025 
.040 
.035 


.019 


.020 


.020 


.026 








Ana 


9 


99 


.96 
95 
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Table II (continued) 
Log Sheet 2—Log of an Electric Heat Melted with Partial Oxidation 


Oxidation 
Mn Si 8S , ir V 

-50 -15 .030 .0380 -80 = wi Oe 

-80 25 or less. or less 1.1 or more 


Slag Analysis ; 
SiO2 FeO Al2O3 MnO CaO MgO CaS P205 CreO03 Cale 
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fine white powder. When the slag is first added to 
in the furnace, most of the coke burns to carbon mono 
rest reacts with ferrous and manganese oxides in t! 
floating on the surface of the metal. When these rea 
complete the coke is practically all gone, hence the slaw at one 
loses its deoxidizing powers. The only advantage of the whi, 
slag containing little or no carbon is that there is pra 
earbon absorbed from the slag by the metal, hence 
principally for low carbon steels. In addition to acc 
practically no deoxidation, it is not efficient in desulp! 
The carbide slag is made up of 6 parts of lime, 2 to 3 parts 
of coke, and 1 to 2 parts of fluorspar. Part of the coke burns t 
CO, part is consumed in deoxidizing the oxides floating on th 
metal or in the slag itself. The excess lies suspended in the 
In the vicinity of the are this coke reacts with lim 
ealeium carbide, CaC,, a reducing agent of great pote 
calcium carbide formed diffuses through the slag until it he 
comes uniformly distributed. Cooled in the air the slag disinte. 
grates spontaneously, but not rapidly, to a gray powder. When 
moistened, the characteristic odor of acetylene, from the reaction 
between the calcium carbide and water, becomes readily apparent 
The carbide slag is an efficient deoxidizing and desulphuriv. 
ing medium. After 114 to 214 hours under this slag the metal 
is practically free from dissolved ferrous oxide and the sulphur 
has been eliminated to an irreducible minimum of 0.010 to 0.015 
per cent. The only disadvantage of the carbide slag is that car 
bon is absorbed from the slag by the metal, although with stand 
ardized furnace practice this absorption becomes constant and 
ean be allowed for. 
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KEEPING THE SLAG IN CONDITION 


The carbon or calcium carbide in the deoxidizing slag wil! 
soon be reduced +o zero unless precautions are taken to keep 
it strongly reducing. Sufficient air leaks into the furiace t 
react with the carbon or carbide and completely destroy it in 
less than an hour. There are several other factors that influence 
the reducing power of the slag. If a section of the bottom re 
fractories works loose and comes up the slag will quickly chang 
in character. The magnesite or dolomite in the bottom contains 
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ELECTRIC FURNACE 
cent or more iron oxide which will quickly 
ealcium earbide in the slag. 


. after the slag has been added to the metal and heated 
‘) the proper point the melter keeps it in shape by making addi- 
“ons of lime, coke, or fluorspar, either alone or mixed, as condi- 
He will add lime to thicken the slag, or fluorspar 








~ 
100 





‘eact with 
The high magnesia re- 
nakes the slag thick, a condition which is a factor in 

carbide formation. 


A low slag temperature will pre- 
ide formation and distribution throughout the body of 


If the slag becomes watery and mirror-like he will 


and coke. 


fluffy and will foam slightly. 


DEOXIDATION OF THE SLAG 


A shovelful of coke or two is scattered over 
the slag each time it is necessary to open a door. 
f the atmospheric oxygen drawn into the furnace. 

e slag turns a greenish color after the manganese addi- 
tion, coke is added to reduce the manganese oxide to the metal. 
The same procedure is used after an addition of ferro-chromium 
r any other easily oxidizable alloy. 

‘ amount of carbon in the slag is governed by the com- 
position of the steel made, by the amount of oxidation in melt- 
ing and by the preference of the furnaceman. 
sag will contain about 1 per cent calcium carbide 
(.50 per cent uneombined carbon. 


This will take 


general, the 
and 0.25 to 
This percentage gives the slag 
a characteristic appearance as it lies on the metal in the furnace. 
In the vicinity of the are it will be thin and smooth. 
of the slag, where it is not heated directly by the are, will be 
In appearance it may be compared 
to thick soapsuds. This slag is very efficient in deoxidation and 
desulphurization. 

If high earbon steels are made, and if the melter is excep- 
tionally skillful, he may have 3 per cent calcium carbide in the 
With this pereentage, however, the absorption by the metal 
may be as much as 8 to 10 points of carbon (0.08 to 0.010 per 
With such a high percentage of carbide it is sometimes 
difficult to control exactly the chemical composition. 


The rest 









After the slag has been added to the metal and heated to the 
roper temperature the first deoxidation is in the slag. 


The car- 
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bon or calcium earbide reacts with ferrous or manen 
according to the reactions: 


FeO } (Fe | 


\ (8) {Mno} +S fee: SY 
‘a, gikeO | act. »3 JSFel ‘aQ) + | 
(9) 3) MnO{ .—"o )Mnj + CaO ev 





These reactions take place in the slag and at th 
contact between slag and metal. 

As deoxidation proceeds the slag changes in color (of a gay. 
ple, cooled in air) from brown or greenish brown to light brow, 
and, finally, to pure white. Then if more coke is added and qj. 
cium carbide formed, the color becomes light gray and then 4 
oray. 
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When the slag contains carbide the amounts of iron ay) 
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manganese oxides are generally less than 1 per cent 
sheets, Tables I and II). 

The reduction of the manganese oxide to manganese js 3]. 
ways more complete than the reduction of ferrous oxide to iro) 
This is evident from the analysis given in the log sheets 


} 
sce 1OY 


DEOXIDATION OF THE METAL 






After the oxidizing slag has been removed the molten bath 
contains a variable amount of dissolved and suspended ferrous 
and manganese oxide. The amount depends upon how far oxi- 
dation was carried in melting and whether or not the metal was 
recarburized. In any case there will be much more ferrous oxide 
than manganese oxide. After the deoxidation of the slag is com- 
plete the deoxidation and elimination of the ferrous oxide (is- 
solved in the metal begin. This deoxidation takes place at the 
plane of contact between metal and slag. The ferrous oxide 1! 
the metal at the plane of contact is soon deoxidized. As soon 
as this surface layer is free from FeO the equilibrium betweet 
liquid FeO and liquid Fe is disturbed and migration of the Fel 
into this oxide-free layer begins. As fast as the Fe reaches 
the surface it is reduced by the carbon or calcium carbide in the 
slag. This deoxidation by the slag continues until the metal 
is free from all but minute traces of dissolved FeO. 
The removal of suspended (dissolved?) manganese 
slower and more uncertain. However, there never is as mul 
manganese oxide as ferrous oxide in the metal. During the de- 
oxidation of the metal it is essential that an excess of carbon 
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-aleium carbide be maintained in the slag during the whole period. 
DESULPHURIZATION 


Desulphurization takes place according to the reaction: 







(10) 
(11) 






MnS + CaO + C > Mn + CaS + CO 


3MnS + 2CaO + CaC, > 3Mn + 3Cads 2CO 






Although some sulphur removal will take place according to the 
arst reaction, calcium carbide is much more efficient in desul- 
phurization. There are five factors that affect desulphurization : 
1) carbon or calcium carbide must be present, (2) the slag must 
be very basic, (3) the slag must be fluid, (4) the slag must be 
hot and (5) the percentage of sulphur in the slag-making mate- 
rials must be low. 








Probably, if all of the other requirements were fully met, 
the slag would desulphurize, to a slight extent at least, even though 
10 carbon or caletum carbide were present. This is shown by 
the fact that a white slag will reduce the sulphur content from 
).040 to about 0.020 per cent in 2 to 3 hours. In the ease of a 
sag containing about 1 per cent calcium carbide a sulphur con- 
tent of as much as 0.100 per cent will be reduced to .020 per cent 
or below in an hour or less. 
the average 
neets all five requirements. 











In general, electric furnace 








deoxidizing slag 

The slag is very basic, due to about 

i) per cent calcium as calcium oxide. It can be made very fluid 

by means of fluorspar and ean be kept very hot. 

It is essential that the sulphur in the lime, coke and spar is 
Apparently the average slag is saturated with calcium sul- 

phide at about 4 per cent, although this saturation point may 


be increased by increasing the basicity, fluidity and temperature. 







low. 











DEGASIFICATION 


Calcium carbide, although a very efficient deoxidizing agent 
is not effective in promoting degasification. Even after the metal 
's held under a carbide slag for 2 hours, a small test ingot will 
spark in pouring and will rise up in the mold, due to the evolu- 
tion of gas in cooling. It is necessary to add ferrosilicon to com- 
pletely degasify the metal. This is accomplished by the reaction: 


(12) 









2CO + Si > SiO, + 20 


TRANSACTIONS OF THE A. 8. 8. T. 


Within a few minutes after adding the ferrosilicon | 
pours quietly and the test piece contracts slightly in sol 

The degasification reaction results in the formation «! 
Si0,, which is probably solid at bath temperature and dis, 
throughout the metal in a finely divided state. Deoxids 
calcium carbide has not eliminated all of the mangane, 
suspended (dissolved?) in the metal. The affinity of ma 
oxide for silica is high, consequently the following reacti 
place: 


(13) MnO + SiO, > MnSio, 


Both MnO and Si0, are probably solid at bath temperature 
but their reaction product MnSi0O, is liquid, and has the 
of coalescing and coagulating in droplets of sufficient size to yp. 
spond to their lighter specific gravity and rise to join the sla 


Dronerty 
property 
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SUMMARY OF DEOXIDATION 


After a heat of electric steel is melted, the metal will contain 
dissolved ferrous oxide, and suspended (or dissolved) manganes 


oxide resulting from the oxidation reactions in melting. If the 
heat were recarburized it would contain carbon monoxide 2as either 
occluded or dissolved. The ferrous oxide and a part of the man- 
ganese oxide are eliminated by reaction with the carbon or cal- 
cium carbide in the slag; the reactions taking place at th 

of contact between slag and metal. 

Carbon monoxide gas is eliminated by the addition of ferro- 
silicon which reacts with CO to form silica. The silica and man. 
ganese oxide suspended in the bath react to form manganese sili: 
eate which is liquid at steel-making temperatures and which c0- 
alesces and rises to join the slag. 

The manganese sulphide in the charge reacts wit! 
oxide and carbon or calcium carbide to form calcium 
which is soluble and stable in a basic, fluid slag. 

These reactions are the principal ones oceurring i! 
oxidation period. Obviously the amount of the vario 
and silicates in the molten bath depends upon the degr 
dation of the metal in melting. If the charge were melied with 
complete oxidation, using an excess of iron ore, the bath 
practically saturated with ferrous oxide. Most of this 
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removed by the reearburizing reactions and practically all of the 
mainder by the earbide slag. 

It has been found, however, that when the charge was over- 
oxidized in melting it is very difficult to remove all of the dis- 
wived ferrous oxide even by a strongly carbide slag and relative- 
ly inferior steel is the result. By restricting oxidation it has 
soon found that deoxidation becomes easier and more complete 
and a high grade steel is the result. 


















FINISHING THE HEAT 






As soon as the final slag is thoroughly deoxidized alloy addi- 
tions may be made. As has been stated, ferromanganese may be 
added as soon as the slag is white, ferrochromium is usually added 
about the same time. Nickel, copper or molybdenum may be 
added at any time. Nickel and copper will not oxidize at all, 
s) may be added as soon after slagging off as desired. Molyb- 
denum will oxidize but its oxide is very unstable. Tungsten is 
usually added after the slag is white. As the melting point of 
ferrotungsten is higher than steel the bath should be very hot 
so the alloy will melt to become uniformly distributed. 

Ferrovanadium is added just before the heat is tapped; after 
the ferrosilicon addition. Vanadium is an efficient degasifier, so 
cannot be added until the metal is free from carbon monoxide. 

After the additions are all made and the chemical composi- 
tion is that desired, the temperature is adjusted and the heat 
tapped. During the deoxidation period the metal is kept some- 
what hotter than is desirable for tapping. The average tapping 
temperature for high grade alloy and tool steels varies between 2800 
and 2900 degrees Fahr. (1540 and 1600 degrees Cent.). The temper- 
ature during the deoxidation period will be 3000 to 3100 degrees 
Kahr. Deoxidizing reactions are speeded up and completed more 
rapidly if the bath and slag are hot. In addition a high temper- 
ature of the metal and slag favors rapid desulphurization. 

It is advisable to shut the power off 10 or 15 minutes before 
tapping and let the metal lie quietly in the furnace while the tem- 
perature drops 100 to 200 degrees Fahr. This period of quiet or 
dead melting is of benefit in that it permits a final cleansing of 
the metal; last traces of non-metallic inclusions rise to join the 
‘lag. After tapping the metal may again be held for a few min- 
utes in the ladle before teeming the ingots. 
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EvLectric STEEL PourING PRACTICE 


Correct pouring practice is very essential in the productioy 
of high grade steel ingots. Steel that is inherently bad canny 
be made better by the best pouring practice, but on the other 
hand a ladle of high grade, thoroughly deoxidized metal ¢an } 
wholly spoiled by bad pouring practice. 

It is almost standard practice to pour cold. The tempera. 
ture of the metal when the ingots are teemed is intimately ¢op. 
nected with the final quality. Cold pouring favors rapid soliqj. 
fication of the metal in the mold, thus preventing cracking. Thijs 
is the principal advantage. Cold pouring tends to shorten the 
pipe in the ingot. The metal in the mold is comparatively colj. 
the metal in the ladle which is being delivered to the mold js 
considerably hotter. Consequently, the pipe is filled as fast as 
formed. This advantage is, of course, greater when sink heads 
are used. It is also believed that cold pouring reduces ingotism, 

The principal disadvantage of cold pouring is that it often 
results in an ingot with a bad surface. In all top pouring there 
is some splashing; a small amount of metal striking the cold wall 
of the mold will freeze instantly. If the added metal is not hot 
enough to melt this bead we have a seab or cold shut on the ingot 

Most electric steel ingots are top poured. Some shops, how. 
ever, bottom pour. Both methods have their advantages and dis. 
advantages. Bottom pouring produces an ingot having a good 
surface free from scabs and cold shuts. It permits a number of 
ingots te be poured at once and at the same temperature. It 
has the disadvantage of being more costly and difficult to handle 
successfully. Its principal disadvantage is that the hot metal 
is fed from the bottom, consequently the maximum amount of 
main pipe will be the result. Also on bottom pouring, secondary 
pipes well down in the body of the ingot are often encountered, 
resulting in the entire ingot being scrapped. 

Top pouring has the advantage of producing a sound ingot 
with the pipe well up in the top. There is little chance of sec- 
ondary pipe forming. The only disadvantage is the bad surface 
of the ingot. This is often overcome by the use of octagon 0 
fluted ingot molds and by the use of the proper slurry on the 
mold wall. Taking all factors into consideration, top pouring 
is probably the best. 
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DISCUSSION 


Written Discussion:—By Charles McKnight, Jr., The International Nickel 
Company, N. a. ie 






From the very beginning of the use of electric furnace for steel manu- 
facture We have heard of its deoxidizing powers, its ability to maintain 
ducing condition from first to last, if desired, and have learned to think 
that the more reducing the condition the better the product. 
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) , 
it 








Is this always 









Also, deoxidation has been so emphasized that it has completely over 
shadowed degasification or, what is more likely, the two are confused. It 
is asserted by some authorities that, while steel in the open hearth process 
picks up from the flame sweeping over the bath such gases as hydrogen, 
nitrogen and carbon monoxide, the bath in the electric furnace 








is so pro- 
rected that it becomes very improbeble that these gases will be dissolved 
3 = 


+} 






vy the metal. Again, is this true? It is conceivable and sometimes occurs 
that a bath will be completely deoxidized and yet carry in solution a volume 

gases several times that of the steel itself, these gases being principally 
nitrogen and hydrogen, the former inert, the latter reducing in character 
nd thus conforming in chemical character to the prevailing conditions at 
the end of an electric furnace heat. 










We speak vaguely of degasification and of performing this operation 
y the addition of silicon, manganese, aluminum, etc., to the bath. Yet the 
mechanism of degasification is shrouded in satisfactory 
xplanation is forthcoming. 






mystery and no 






That it is possible to have a kath doubly deoxidized—by means of a 
reducing slag and a silicon content—and yet full of dissolved, occluded, or 
sorbed gases was shown in making a series of over a hundred heats of 
steel high in silicon. 









The first resulted in a good product, but, soon after 
the high-silicon erop-ends and mill scrap began to be returned for remelt 
ng, trouble was experienced with the steel rising in the mold. In spite of 
he fact that the practice was as nearly perfect as we could make it, that 
the charge was high in silicon and that a deoxidizing slag was used from 
the start, ending with a heavy carbide slag, there would be a remarkable 
evolution of gas from the ingot just prior to solidification, a ‘‘ cauliflower’ 
vould build up on the hot top and the metal would be full of blowholes. 
Eventually despairing of obtaining a reliable steel in this manner, we went 
to the opposite extreme and brought the bath down under 
xidizing slag, 













an extremely 
The rising in the mold stopped with that heat and has 
never reappeared, though we have modified our practice so that the oxidizing 







slag is raked off when the bath is in violent ebullition and the usual white 
slag built up, from under which the steel is tapped. 


An interesting feature 
is that, after the preliminary oxidation, or degasification period, during 


which it is essential that the silicon be brought down to 0.05 per cent or 
ess, the heat will work thereafter in a perfectly normal way. 






As soon as 
the white slag is built, silicon, manganese, or other alloys may he added 


just as in the ordinary heat, although for these high silicon steels—silicon 


Ver 1.00 per eent—we prefer to add most of it about half an hour to an 
wour before tapping. 










TRANSACTIONS OF THE A. 8. 8. T. 


Rather wide inquiry resulted in finding that similar troubles 
experienced by others, particularly in making steels from sera 
silicon and, to a much less degree, with steels high in manganese, 
ete. Inquiry also showed that, as far as could be ascertained, t 
only occurred when the furnace conditions were reducing in cha 
disappeared when the procedure was changed; also that in 0; 
practice similar phenomenon had not been observed. 

In evolving an explanatory hypothesis, it was evident that 1 
con in some way affected the volume of dissolved gases and tende 
them in solution, It seemed reasonable to assume that these gas: 
hydrogen or nitrogen or both, since under the reducing conditio: 
the presence of so much silicon, oxygen and carbon monoxide must hot! 
practically absent. Writing side by side the fundamental reactions 
their corresponding equations for concentrations in homogenous 


we have: P 


ts 


(1) 2H + Fe0ssHO+Fe (2) Cy x C reg = (CHOx Cre) 


Si + 2Fe0S52Fe +Si0. Cgi x C’peg = (CFe x Csio-) 


Y 
4, 


9 


(5) 2C0 +Siss2C + Sio. Cop ¥ Csi ° (Co * Ssio.) 


Y 


(7) © + Fe0SFe + CO (8) Co x Cred = (C¥e * Cc) 


The right-hand side of the concentration equations can be for 
purposes, replaced by K in all but (8) and considered constant, so 
the arrows show the respective and inter-related changes. For example, 
in (6) if the concentration of silicon increases the concentrati 
diminishes, as is well known. 

Thus, as the residual silicon in the bath becomes higher, tl 
of FeO decreases and as the FeO decreases the bath is rend 
capable of holding the hydrogen in solution (equations 1, 2, 3 a 
the other hand, the lower the residual silicon the higher the | 
tends to drive the hydrogen out of the metal at the same time 
is reacting with FeO to form CO, which also escapes in bubbles 

During the melt-down, water vapor from the charge and th 
it is impossible to exclude entirely, is dissociated under the heat 
and the hydrogen, in conjunction with nitrogen, taken up by tl 
or molten metal. The oxygen combines with some of the met! 
metallic oxides, remaining either in the bath or migrating to th 


‘These equations, true for concentrations of gases, are only roughly indicat 
solutions, 
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DISCUSSION 


there is, to a practical extent, any residual silicon in the bath, the 


mount of FeO is lowered and the capability for retaining hydrogen is 
‘yereased, but as soon as the silicon is sufficiently low the bath oxidizes 
freely, With the formation and ebullition of CO. The conditions tending 
ay hydrogen in solution are then reversed and the hydrogen and water 
por resulting from reaction (1) leave the bath by ebullition. It may 


be that nitrogen is also reduced in volume at this time, as there would be 


* 
tendency to establish equilibrium of concentration between the nitrogen 
of the steel and that of the gas bubble as it passes up through the 


apparently paradoxical behavior of silicon may be observed. In 
the first, or oxidizing, period it tends to keep gases in the steel and yet 
n the final deoxidizing period it is intentionally added as an efficient de- 
sific As a matter of fact, the action in both cases is the same. Silicon 
or any other degasifier 





apparently works through some property of mak- 
ng the solvent power of the metal great enough to hold gases. If the action 
ere to drive out the gases we would expect on the addition of silicon to 

bubbling from the steel. No such action occurs, though the quiet- 
ug effect is obvious, so it must be that the steel, through the silicon, has 
quired a greater solubility for the gases which, up to a certain critical 
neentration, remain dissolved or occluded or adsorbed, as you _ please, 


through the solidification phase. 


Whether or not such a hypothesis conforms with the facts, it has, 
ertheless, been demonstrated that under certain conditions a period of 
xidation tends to free the bath from gases, other than oxygen, and has 
tinctly beneficial results. In fact, it might be considered that the method 
partial oxidation is preferable to either of the other processes, i. e., 
uelting with total oxidation and melting without oxidation. 
By the same token, it may be argued, the ‘‘ white slag,’’ rich to gray- 
ess with caleium-earbide, which is so often considered the ‘‘sine qua non,’’ 
y actually be less efficient than a slag of lower CaC, content. By using 
rolling white slag, like the foam of beer, one which falls to a powder 
and smells of acetylene, the metal tends to free itself both from gases and 
tree oxides, While the few remaining oxides, if present at all, are taken care 
of during ‘‘*degasifieation’’ with silicon, manganese, etc., some time prior 
to tapping. After all, the deoxidation is effected by means of the carriers, 
manganese, iron and silicon, the manganese and iron delivering their load 
of oxygen to the slag and returning for more, and the silicon staying in 
the slag as SiO, Therefore, the slag acts as a blanket to prevent oxidizing 
influences reaching the steel and as a reservoir of reducing material to take 
care of the oxygen earried by the manganese, iron and silicon. If the slag 
is sufficiently high in earbon or CaC, to perform these duties, nothing is 
gained by inereasing the concentration of reducing elements, while a very 
real disadvantage is the carbon pick-up and the possibility that the elemina- 
tion of hydrogen and nitrogen is slowed up. 
The author does not touch on what may be called ‘‘final deoxidizers,’’ 
as aluminum. There has grown up the belief that the use of any such 
addition, and particularly aluminum, is ‘‘bad medicine,’’ although it is 


Such 
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commonly known that they are almost universally used in ma 
hearth steels. Some tests conducted to determine the efficacy and 
ity of these deoxidizers, including aluminum, magnesium, zirconiun 












silicide and other metals and alloys, resulted in the decision that 
a well-made heat the use of any deoxidizer in the furnace prior to tap, 
seemed to have little influence, cither beneficial or detrimental, on 
cal characteristics of the steel, (2) the use of metallic magnesium igs +, 
advised against, as its action is explosively violent. However, the 
admits to a heretical feeling that a judicious quantity of aluminun 
on a rod under the slag about five minutes before tapping, althove 
essary perhaps, frequently improves the heat and tends to eliminat 


LAL 















last removable vestiges of oxides and gases. Calcium silicide is Ke 
deoxidizer for ladle use, in the rare occurrences when the melter deems 


practice essential. 


The subject of final deoxidizers brings to mind the remark of 
lish melter who, in reply to a question as to what he treated his stee! 
before teeming, replied, ‘‘ We always treat our steel with consideration, « 
consideration. ’’ 

Mr. Sisco, whose publications are now recognized, we belie 
best existing works on electric furnace steel, is to be congratulated on t! 


cise, yet comprehensive, presentation of his subject. 












Written Discussion:—By H. A. Schwartz, National Malleable and Ste 
Castings Co., Cleveland. 


The author has succeeded so admirably in presenting in concise | 
a complete description of the operation of an electric furnace in thi 
of steel, that any discussion cannot be much more than a repetition of 
is already to be found in the paper itself. 


mMakiny 


Mr. Sisco has very wisely separated deoxidation from degasificatior 
treating them under separate headings. This is a point well worthy 
emphasis. ~An illustration from a kindred, though, perhaps distant, fi 
may not be amiss. 












Through the kindness of the Bureau of Standards, Louis Jordan. has 
furnished us with trustworthy oxygen determinations on certain typical whit 
cast irons. Even on air furnace metal which has become strongly oxidiz 
in the sense of being extremely low in manganese and silicon, and very wil 
only the very small oxygen content of normal practice is found. In this 
same metal, quieted by manganese and silicon additions, very large oxyg 
contents, many times that of the metal poured before the additions, w 
found. Preliminary microscopic investigations suggests that this oxygen ma) 
present as a constituent of sonims. Such metal is degasified, but not ‘ 
oxidized except to the extent that we may wish to regard the sonims as 
part of the alloy. 

The so called ‘‘deoxidizing’’ agents here actually caused the reteut) 
of oxygen which would otherwise have escaped during freezing. Wildues 
is not evidence that the solid metal contains oxygen, nor quietness that 
does not. Indeed, the reverse may be more nearly true if we consider that 
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DISCUSSION 








wildness results from the liberation of oxygen as CO during freezing, while 

‘etness may be merely the result of an addition which increased the sola- 
sity for oxygen compounds or converted oxygen present into chemically 
pounds. 










\{, A. GROSSMANN: I should like to discuss the phases of Mr. 


t Sisco’s 
ver that have to do with the use of silicon. 







The first statement made, or 
ve of the first ones made by Mr. Sisco, had to do with the reaction between 
bon monoxide and silicon whereby SiO, was formed and carbon liberated. 
\y. McKnight has already referred to the fact that there is one other aspect 


nder which the degasifying by silicon can be considered, and that is that 





metallic silicon inereases the solubility of carbon monoxide gas in the steel. 
is latter view referred to by Mr. McKnight is widely held, and I do not 





vyhether Mr. Sisco has any definite data showing which of these reactions 
the correct one, 





It would be possible to determine this by allowing some 
pen’ steel to solidify, the carbon monoxide passing off during the solidi- 









‘ying period, and then treating some of the same steel with metallic silicon 
| determining the difference in carbon content. If there is a reaction be- 
‘een carbon monoxide and silicon, naturally the steel that has been ‘‘killed’’ 
th metallic silicon will have a higher carbon content, because in the unkilled 

steel, carbon monoxide carried off the other carbon in solidifying. 

\lr. Sisco also refers to the use of silicon to curb wildness. 
lone at the beginning of a heat, as he states. 





This is often 
He says, however, that the 
silicon is retained permanently in the slag, implying that all of the silicon 
s retained in the slag. 





As a matter of fact, a certain amount of it is retained 
most permanently in the metal. 







It is very difficult to eliminate the last 

res of SiO, from electric furnace steel when wild steel has been killed. 

Mr. Sisco also says ferrosilicon should not be added until the end of a 
This is a statement with which we agree heartily, for the reason indi- 

ited a few moments ago, that silicon 

eliminate, 








forms SiO,, which is difficult to 
There are certain conditions under which silicon may be added at 





beginning of a heat to advantage, but in general it is better to leave 
e steel for an hour or longer under a deoxidizing slag and then use the silicon 
at the end as a degasifier, and final deoxidizer, as stated by Mr. Sisco. 

You will notice in the log sheets that Mr. Sisco gives for two heats, that 
ie one melted with complete oxidation, as he calls it, has silicon added at the 
beginning of the heat. The other, the heat melted with partial oxidation, is 
left under a carbide slag for a considerable time and the silicon added at the 
end of the heat. It should be remembered that the final product from these 
wo heats will be quite different. 
















The effect of the retained SiO, in the 
irst heat will be very noticeable in the mechanical properties, and also in the 
microstructure, 







The second heat, the one melted with partial oxidation, is 

¢ one made under Mr. Sis¢o’s recommended practice of leaving the steel 

inder a carbide slag and then adding the silicon at the end of the heat. 
Finally, Mr. Siseo refers to the manganese silicate rising with the slag, 


lls manganese silicate being formed from the SiO,, together with the man- 
yanese oxide, 









If the conditions are such that the manganese silicate can be 
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formed, and if there is sufficient. mechanical agitation of the bat! 
ganese silicate will rise to the surface, as indicated. However, t! 
of the manganese silicate rising to the slag takes place much b 
open hearth furnace than it does in the electric furnace. The agit: 
bath by the evolution of carbon monoxide in the open hearth fur 
ently permits the particles of manganese oxide and SiO, to come 
much more favorably, and it is found that the SiO, actually is 
under proper conditions in the basic open hearth furnace. This 
to accomplish in the electric furnace, however, and it is not well 
this reaction too much, As indicated before, the presence of SiO, 
be avoided by adding the silicon at the end of the heat rather + 
pending on the silicate being fluxed out by oxides. 

Dr. B. EceserG: In his present paper Mr. Sisco deals wit! 
of steels when melted in three different ways, with perfect oxidat 
partial oxidation, and with no oxidation at all. It is this part of 
I want to discuss, and I want to add that I see it more from a meta 
than from a steel maker’s standpoint. 

Mr. Sisco takes the point of view that melting with complet: 
is productive of only low-grade steels. Although he supports 
very nicely and logically, my experience tells me that that cannot 
be true. I am referring not only to steels in this country, but more to t 
from across, and I want to limit my discussion to two steels, a 0.8 
straight carbon steel and a chromium-nickel steel. The carbon 


steel 


used for solid and hollow drill steels and was made in two grades, or what 


we at that time thought were two different grades. The one was worked 
with partial oxidation, and the other melted with eomplete oxidation. Every 
one of these heats was followed closely by making actual rock drilling 
before the heat was put into drills, hardness tests by rising temperat 
made in order to ascertain the highest possible quenching temperat 
which a fine-grained fracture was still obtainable. These two methods of t 
ing are the best ones I know of for the steel in question, but still im 
possible to establish any difference in performance between the steels melted, 
the one way or the other. 

The chromium-nickel steel referred to was the regular low-carbon, | 


nickel, high-chromium steel for case-hardening purposes. It is well known that 
this kind of steel should be melted with complete oxidation in order to bring 
the carbon content down to the desired amount. I have found from sever 
steelmakers that this steel is the very best chromium-nickel steel they make, 
although it is here impossible to use the highly deoxidizing carbie slag, bu 
the lime slag alone has to be relied upon in order to keep the carbon conten 
down. 

We have, then, in this case, according to Mr. Sisco, a hig! 
bath and a slag that is not absolutely fitted for vigorous deoxidati: 
we obtain a superior steel. How is this possible, if Mr. Sisco’s | 
right? I maintain that steel to be superior on the basis of transve! 
and impact toughness after suitable heat treatment. I have foun 
of steel to be less flaky and woody, and the relation between thi 
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isverse toughness figures to be better for this than for any other 
n-nickel steel. 
experience, therefore, does not confirm Mr. Sisco’s, and the explana- 
this I believe is to be found in the base material. Time has shown 
quality obtained from the electrie furnace stands in a certain relation 
rap utilized. Generally speaking, the oxidizing heats have a lower 
scrap to start with, and I believe this factor to have just as much 
upon the quality of the final steel as has the difference in melting 


oxidizing heats I have dealt with have all been made from a better 

than usual, and they show that high quality steel can be produced also 

ielting with perfect oxidation. 

3. FoLbey: Mr. McKnight spoke prior to the last speaker on the subject 

reduction of silica. A number of years ago the late J. E. Johnson Jr. 
requested me to determine the free-running temperature of ferrosilicon. The 
results obtained seemed rather startling at the time. 

ised an electric furnace in which I had two crucibles, one inside the 

the space between being filled with carbon. Each crucible was covered 

lid, and a thermocouple for measuring the temperature of the ferro- 
silicon was introduced through holes in the two lids. Time-temperature read 
ngs were taken throughout the heating, and when these indicated a point just 

higher than the melting point, I attempted to pour the metal to see 
vould run freely. The metal came out in lumps, and flopped into the mold. 
‘bon Wa In a second attempt the ferrosilicon was heated to 1700 degrees Cent., 
| above the melting point, and this time the metal ran smoothly. 
Upon examining the first metal I found the individual lumps coated on 
dation. Every itside with a biack deposit, evidently carbon, and beneath it a whitish 
k drilling tests yer, probably silica. There was no such thing in the second cast. 
peratures wert | do not know that my interpretation of the phenomena is correct, but | 
ssumed that the CO atmosphere within the crucible had oxidized the silicon 
t the lower temperature, coating the pieces with silica, and depositing carbon, 
and that at the higher temperature the CO gas reduced silica. It would seem 
if this were the proper interpretation, that temperature has a very great deal 
to do with the reduction of silica in furnace operation. Of course in the 
irst experiment the silica was below its melting point and acted as an 
velope about the molten ferrosilicon. 

JEROME Srrauss: A number of the previous speakers have referred to 
the practice of complete oxidation in the first stage of the electric process. 
Many of us, probably most of us, have heard about good, bad and rotten 
electric steel. We ean find all kinds, although not so often outside of the 
steelmaker’s plant as inside. 

That the character of the scrap and also the nature of the oxidation period 
are of extreme importance, I believe no one will question. Ultimately, what 
it means is this: that the nature and distribution of the oxidized components 
at the time of removal of the first slag, and the manner in which they are 
reacted upon by the second slag (or its intermediate reaction products) 
govern the quality of the finished steel. For that reason, wherever possible, 
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it would seem well to avoid dirty, rusty and small size scrap in 1: 
tity, and also to avoid too severe oxidation during the first peri: 
process. 

In the second period of the process it may sometimes become 
due to the manner in which the first period has been conducted, to 
reducing slag for an excessively long time, and I would leave wit! 
thought, that where it is necessary for that second slag to do an excessiy, 
amount of work, one experiences trouble from the melting of the roof. 
to the high temperature combined with the long time. Troubles arise 4 
from another source that most steelmakers know about, but to whi 


iCn they 


have not given so much attention. This is that the bath is not only in on 
tact with the slag, but also with a bottom that contains a variable amount 
iron oxide, and while reactions are taking place at the top surface of tha: 
bath, there are also reactions taking place at the bottom surface. 
becomes an extremely important factor. 

RADCLYFFE FURNESS: I was glad to hear Mr. Strauss mention the | 
tom condition of the electric furnace. I do not think there is an electy; 
melter, myself included, who ever pays the attention that should he paid ti 
the fact that there is not sufficient exchange between the bottom and the to 

; layers of metal in the electric furnace. I do not think it is ever recognized, W, 
talk about the electric furnace being more thoroughly deoxidizing than either 
of the open hearths. It is, but it misses one great thing: there is not t 

exchange between the top and the bottom metal that there should be. We 
may have the top in perfect condition; we do not know the condition of th 
bottom metal. I do not think that any of us recognize this sufficiently. I do 
not think we go into it carefully enough—we all very carefully sidestep it. 
We pretend that it is all right. It is not. The electric furnace cannot li 
classed as the perfect tool that we would like to believe it to be until the con- 
dition mentioned is overcome. 
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Further, both open hearth furnace men and electric furnace men hav 
talked about desirability of a ‘‘good’’ charge. I like a good charge. I bh 
lieve in a-good charge, because it speeds up melting, but by no_possibl 


conditions 
other than chemical composition can affect the finished product. I cannot 


believe that the physical characteristics of the scrap exist in an) 
way in the finished product. It is true that rusted scrap takes longer to get 
in condition because it is exactly the same as added ore. I cannot believe, 
that any characteristics in the scrap can carry through and show in the fin 
ished product. I most earnestly request that anyone present, both for my 
good and for the good of the society, enlighten us as to any evidence that 
proves that the above is a fact. 
CHAIRMAN MATHEWS: Any more discussion? 








stretch of my imagination or experience can I picture that 








MeMBER: All this discussion on the electric furnace seems to be on the basi 
practice. Is there anybody here who has had any experience in acid electric 
furnace practice? I would like to hear something on that. 

C. T. Parrerson: In acid electric furnace practice we have found ™ 
duction of the silicon in the slag, and perhaps in the bottom, to silica in tl 
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metal, and this reaction proceeds with increased rapidity as the temperature 
i As much as a half of one per cent of silicon has been reduced in hold- 
. 4 heat half an hour longer than the usual time for tapping. 

CHAIRMAN MATHEWS: 





Any further questions or discussion? I do not 





nt to hold you here longer than necessary, but we want you al! to have 
hance to say What you want to say, or to ask questions. The session has 





noon a very interesting one, and the authors are entitled to our best thanks 
> the work they have put on their processes and their papers describing the 






rious pl ocesses. 


[ am surprised that there is not more difference of opinion 





ot the relative merits of these processes, because the authors all claim 





distinctive merits. 








Written Discussion: By R. H. Patch, Midvale Co., Philadelphia. 

In connection with the rapid increase in electric steel production, it is 
teresting to note that production of alloy steel castings has also increased 
nidy during the past few years. 










Thus, in 1923 and 1924, approximately 
0 tons were produced during each year. 






This is a remarkable figure when 
considers that in 1914 only 340 tons were made, and it was not until 1919 






t over 5,000 tons of electric steel alloy castings were produced. This is an 
ellent index of the increased appreciation during the past decade of the 


possibilities to be gained by heat treatment of castings. 







The acid electric furnace is used almost wholly for castings: or perhaps 





s better to say most electric steel castings are produced by the acid process. 
The reason for this is due to the fact that much cheaper supervision is required 
n account of the fact that there is no refining possible. 






In fact, it has been 
known to happen that heats have been made for castings which had not enough 
sag to cover the surface of the metal. 






Therefore, while it is possible to 
roduce high-grade acid electric castings, the very nature of the process offers 
agreat temptation to sloppy practice, which is not possible in the basis electric 


lurnace. 







The relative advantages of graphite and amorphous electrodes are always 
a topic for fruitful discussion. 





Each kind has its adherents. Personally, | 
favor the carbon electrodes because of the feeling that one of the chief dis- 
alvantages of the electro furnace is the great concentration of heat, whereas 
in the open hearth furnace the flame plays practically over the whole surface 
the slag. In the electric furnace, there is great opportunity for local over- 
ating, and therefore I prefer to have as much of the surface of the bath 
overed by electrodes as is reasonably possible. Thus during the melting, that 
portion in back of the tapping spout frequently remains fast to the front 
‘ank for some time after the balance of the heat is melted. 

The bottom, according to Mr. Sisco, is made of ground magnesite and 
wise slag. It is a perfectly good practice to make a bottom of calcined 
We have had bottoms at Midvale made of this material which have 
sven a life of over 2000 heats, and probably would be lasting yet except for 
the fact that it was impossible, on account of operating conditions, to keep the 
lirnace melting continuously. 

In the charging of the heat, the skill of the melter comes into play to a 













dolomite. 






















780 TRANSACTIONS OF THE A. 8. 8. 


very considerable degree, for, according to the way the heat is 
possible to vary the melting time by as much as an hour in a 
The shape of the bottom also plays no inconsiderable part in the n 
charge. A bottom with high sides and deep centers is one to ly 
bottom shaped like a saucer has been found to be best for fast n 
practice. 

Under the heading ‘‘control of oxidation in melting’’ thr 
in melting practice are considered: 

First—Complete oxidation. 

Second—Partial oxidation 

Third—Melting without oxidation. 

Mr. Sisco states that the advantage of the first method is { 
rusty serap can be used, which is not possible in the second metho: 
oxidation. The logic of this is not perfectly plain, as by using 
izing medium, e. g., coal or pig, with the charge, it is possible to us 
in the second method, and thus avoid the addition of any ore. 
facture of high carbon steel, we have been unable to show that 
condition of the scrap used had any effect on the final product, 
does not allow the carbon in the bath to fall too low during the n 

On the contrary, we have made heats according to the third 
these heats have given greater trouble in fabricating than heats 
regular manner. In fact, it is our belief that melting by the s 
first two methods is preferable, owing to the fact that unde: 
tions, the bath is livelier, and greater opportunity is offered for t 


be more thoroughly stirred up, and thus bring the preliminary refin 


to completion. 

Mr. McKnight of the International Nickel Company found 
unable to make high silicon steels under a reducing slag witho 
raising. He was forced to melt with use of ore. In suggesting «1! 
Mr. Grossmann of the United Alloys Steel Corporation brought 
that silicon acts to promote the solubility of the carbon monoxi 

Mr. Sisco emphasises the importance of carrying a carbid 
te complete the deoxidation of the bath. It has been my experien: 
is a danger here which should be mentioned. If the carbide in 
to a figure around 2 per cent or over, great difficulty is experienc: 
the metal hot, and this danger far outweighs the one resulting fron 
ing up’’ of earbon. In our practice the latter is an extremely ra! 

Mr. Sisco states that the basic electric furnace offers the 0; 
adding alloy additions one half hour or more before tapping. 
but our experience, carefully followed up over a considerable pe! 
bas failed to show that the quality of the steel is improved by exte: 
of the heats after the alloy additions have been made. In fact, 1 
that steel of first quality is produced by tapping as soon as addit! 
oughly melted. 

Mr. Sisco very properly emphasizes the necessity of correct 
tice. We have repeatedly found that steel which, before tapping, 
free from slag inclusions, upon examination of the ingots showed 
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9) 


he ‘dirty. In fact, too great stress cannot be exerted upon the producing 


nit, for the maintenance of clean equipment, e. g., ladles, molds, ete., and 


clean bottoms and runners in the case of bottom pouring. We believe that 

eats are spoiled after the metal leaves the furnace than from poor prac 

the furnace. In fact our experience would indicate that the pouring 

, including the pit practice, requires most careful supervision. For that 

reason, we insist that the melter himself pours off the heat, and thus carry his 
responsibility through to the completion of the heat. 

Too great ferrostatic pressure from the metal in the ladle upon the stream 

iso a fruitful source of inclusions, due to splashing in the mold. Even 

with all these factors under control, one is still always faced with the possible 

and probable oxidation of the metal stream to a greater or less degree, and 

concerning the eontrol of which one is almost helpless. If one could only run 

a tube from the metal in the furnace into the mold, and maintain it just above 

the surface of the metal during the pouring, we would have an ideal condition 

production of clean metal. 


. T. Sisco: The writer greatly appreciates the discussion of the paper 
by Messrs. MeKnight and Schwartz, especially as both gentlemen brought out 
sme interesting facts regarding degasification. Degasification in the electric 

rnace is imperfectly understood. The consensus of opinion in regard to the 
ition of silicon in quieting wildness seems to be evenly divided into two radi- 
ally different schools. One school looks upon degasification as the result of a , 
purely chemical reaction 


2CO + Si— SiO, + 20 


by which the carbon monoxide reacts with silicon. We might say that the dis- 
solved or occluded gas is destroyed and is replaced by silicon dioxide, Sio,. 
The other school maintains that the carbon monoxide gas is not actually 
eliminated; the idea seems to be that silicon by some obscure physical process 
increases the solubility of the steel for CO gas. Probably the basis of this 
line of thought is that a liquid solution of silicon (iron-silicide) in iron will 
dissolve more gas than molten iron free from silicon. 

In writing the paper, the writer made an effort to confine the discussion 
of electrie furnace melting to the best present day practice, hence a critical 
discussion of deoxidation and degasification, especially of conflicting theories, 
wis avoided. The writer is now attempting to work out a logical theory of 
this phase of electric steel making on the assumption that deoxidation and 
‘jegasification may be explained by means of the principles of colloid chem- 
istry. It has seemed more logical in the past to consider degasification as 
a chemical process resulting from the above reaction instead of assuming 
that the silicon does not actually eliminate the CO gas but simply increases 
the solubility of the gas in the iron. Mr. Schwartz has brought this out in 
is discusstoh, 

Mr. MeKnight makes an interesting assumption that nitrogen and 
iydrogen may be present in amounts sufficient to cause trouble. While this 
is entirely possible, it has long been thought to be improbable. It is hard 

(Discussion Concluded on Page 869) 





EFFECT OF COLD WORKING ON ENDURANCE ANp 
OTHER PROPERTIES OF METALS, PART | 


By D. J. McApam Jr. 


Abstract of Parts I and Il 


Part I of this paper presents a number of grap! 
illustrating the effect of cold working on tensile strengt). 
yield point, shearing strength, yield ratio, shear ratiy 
and Meyer hardness indices. The possible relationshi; 
between the effect of cold working on these properties 
and the effect on endurance limit is discussed. 

Other graphs illustrate the effect of cold working 1 
rotating-cantilever endurance limits of copper, bron: 
and brass. The effect of internal stress is discussed. 

Effect of cold working on alternating-torsion endu) 
ance limit of nickel is illustrated and discussed. 

Part II presents a number of graphs illustrating th. 
effect of cold working on ductility and on some strengt! 
values, the calculation of which depends on ductility 
values. Results are plotted with ‘‘percentage increas: 
in tensile strength due to cold working’’ as abscissas, and 
relationship between the various curves is discussed. 


HISTORY OF PREVIOUS INVESTIGATION AT THE NAVAL ENGIN&ERING 
EXPERIMENT STATION 


N a series of papers on ‘‘Endurance Properties of Alloys ot 
Nickel and Copper’ * * the writer discussed the effect 0! 
eold working on endurance properties of nickel and some of its 
alloys with copper. Investigation of these alloys showed that 


moderate cold working increased the endurance limit in propo! 


tion to the increase in tensile strength due to cold working. Severe 
eold working of nickel, however, increased the endurance limit 
less than in proportion to the increase in tensile strength. 

In the paper on ‘‘Endurance Properties of Alloys of Nickel 


‘This paper is published by permission of the Secretary of the Navy. 

‘D>. J. MeAdam Jr. “‘Endurance Properties of Alloys of Nickel and of Copper,” P 
TRANSACTIONS, American Society for Stee] Treating, January, 1925. 

‘4p. J. MeAdam Jr. “Endurance Properties of Alloys of Nickel and of Copper,” Part |! 
TRANSACTIONS, American Society for Steel Treating, February 1925. 

5p. J. McAdam Jr. “‘Endurance Properties of Alloys of Nickel and of Copper,” 
TRANSACTIONS, American Society for Steel Treating, May 1925. 


A paper presented before the Cleveland Convention of the Society, Sep 
tember, 1925. The author, D. J. McAdam, Jr., member A. 8S. 8. T., is meta! 
lurgist with the U. S. Naval Engineering Experiment Station, Anna) 
Maryland. 
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and of Copper, Part III,’’> curves were plotted showing the re 
lation of endurance limit and other physical properties of nicke! 
to percentage increase in tensile strength due to cold working. 
In Fig. 10 of that paper it was shown that the curve of endurance 
limits for nickel apparently begins to approach a horizontal direc- 
tion as the increase of tensile strength due to cold working reaches 
about 50 per cent. In the same figure it was shown also that the 
ourve of ‘‘shear ratios’’ (ratios of shearing strength to tensile 
¢reneth) apparently approaches a horizontal direction as the in- 
crease in tensile strength due to cold working reaches about 50 
yer cent. This similarity of form of the two curves, which it was 
admitted might be only a coincidence, led to further investiga- 
tion of the effect of cold working on the ‘‘shear ratio’’ and on 


other physical properties. It was hoped that some definite rela- 
tionship might be discovered between the effect of cold working 
on the endurance limit and its effect on some other physical prop- 


erties. 


MATERIAL FOR NEW INVESTIGATION 







For investigation of the effect of cold working on endur- 
ance and other physical properties, plate, sheet and bar metal 
was furnished by manufacturers. The International Nickel Com- 
pany, the American Brass Company, the Secovill Manufacturing 
Company, the Bridgeport Brass Company, the Aluminum Com- 
pany of America and the American Rolling Mill Company co- 
operated in this investigation by furnishing cold-worked materiai 
well adapted for the purpose. The thickness of the plates and 
sheets varied from 0.025 to 0.3 inch, and they had received var- 
ious degrees of cold working. In Table I each alloy is designated 
by a combination of letters and the chemical composition is given. 
Details of annealing treatment at the Naval Experiment Sta- 
tion are given in Table IT. 







INVESTIGATION OF EFFECT oF CoLD WorKING ON TENSILE AND 
SHEAR PROPERTIES 


For most of the plate and sheet material the exact amount 
of reduction in thickness by cold working was not known. Never- 
theless, it was thought that information of value might be obtained 
by plotting percentage increases in tensile strength due to cold 
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Material 





TABLE II 
Annealing Treatment 
Material 


Desig- 
nation 


Heated to 
Degrees 
Fahr. 


Time 
Held, 
Min. 





Cold-Rolled 
\letal, Cold-Rolled 
Cold-Rolled 
Brass, Cold-Rolled 
brass, Cold-Rolled 
num, Cold-Rolled 


minum-Manganese Alloy, 
Cold-Rolled 


|-Rolled 


m-Manganese Alloy, 


DHa-9 


num-Manganese Alloy, 
Cold-Rolled 


lron, Rolled 
r, Cold-Rolled 
r, Cold-Rolled 
r, Cold-Rolled 
r, Cold-Rolled 


. T. Cold-Rolled 


Cold-Rolled 


5-5 Bronze, Cold-Rolled 


~j} =z Ft *t Ft t * vs Ft £ £ = 


00 Brass, 
(0:30 Brass, 


dU Brass, 
) Brass, 


‘Fully annealed by manufacturer, temperature not known. 


Brass, 


) Brass, 


sronze, Cold-Rolled 
tronze, Cold-Rolled 
sronze, Cold-Rolled 
sronze, Cold-Rolled 
sronze, Cold-Rolled 
sronze, Cold-Rolled 
Bronze, Cold-Rolled 
Bronze, Cold-Rolled 
Brass, Cold-Drawn 
Cold-Drawn 
Cold-Drawn 
Cold-Drawn 
, Cold-Drawn 
Brass, Cold-Drawn 


Brass, 
Brass, 
Brass, 


Brass 


Brass, Cold-Drawn 
Brass, Cold-Drawn 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
Cold-Rolled 
srass, Cold-Rolled 


Brass, 
dpe “°C 
Brags, 


Brass, 


DHb-9 
*BT 
DI-3.0 
DI-4.0 
DI-5.0 
DI-6.0 
DI-8.0 
DI-12.0 
DG-4.0 
DG-5.0 
DG-6.0 
DG-7.0 
DG-9.0 
DG-10.5 
DG-12.0 
DD-11.0 
DD-12.0 

-3.0 
-4.5 
N-6.0 
-7.0 
-8.0 
-9.0 
DN-10.0 
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working as abscissas, and various tensile and shear | 
as ordinates. For two kinds of material the exact amount of y. 
duction in thickness by cold working was known, and the regy}j 
could be plotted with ratio of original to final thickness 
abscissas. 


roperties 


as 


Tension test specimens of bar material with few exceptions 
were standard specimens 0.505 inch in diameter and 2 inches jy 
gage length. A few specimens were of smaller diameter. [hyp 
tension test specimens of plate and sheet material were 1 jno) 
wide, the gage length was 4 inches, and the thickness was thp 
full thickness of plate or sheet. Tension test results obtained 
with plate and sheet material are not given in tabular form 
Tension test results obtained with bar material are given in Table 
I11 and in previous papers.* * * 

Shear tests were made by the ‘‘double shear’’ method. The 
dies were sharp-edged and with 0.001 inch clearance on each 
side. Specimens of bar material were cylindrical, and the diam 
eter was either 14 or 1% inch. 

Relationship of tensile and shear properties of various metals 
and alloys to degree of cold working is illustrated graphical) 


= 


in Figs. 1 to 14 inclusive. Im Figs. 1 and 2, abscissas represent 
ratio of original thickness to thickness after cold working. In 
Figs. 3 to 14 inclusive, abscissas represent percentage increase 
of tensile strength due to cold working. Ordinates represent 
either strength of the metal as determined in various: ways, 01 
ratios of two such strength values. Figs. 1 and 2 show the effect 
of cold working on nickel and monel metal sheet. Abscissas rep- 
resent ratio of original thickness to final thickness. As shown in 
these figures, both tensile and shearing strength at first increas 
rapidly. With increase in degree of cold working, however, th 
rate of increase in strength decreases rapidly. The ratio of shear 
ing strength to tensile strength (shear ratio) at first decreases 
rapidly. With increase in degree of cold working, however, tlie 
shear ratio decreases less and less rapidly. 

Figs. 3 and 4 illustrate on a different scale the same results 
that are illustrated in Figs. 1 and 2. Since in Figs. 3 and 4 
abscissas represent percentage increase in tensile strength due to 
eold working, the upper line representing tensile strength is neces- 
sarily straight. Experimental points have not been marked on 
this line. As shown in Figs. 3 and 4, the experimental points 
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Fig. 1—Effect of Cold Working on Properties of Nickel Sheet, 


Material DB. 





representing shearing strength fall on a straight line. The bottom 
curve in these figures represents the ratio of shearing strength 
to tensile strength (shear ratio). The next lowest curve repre- 
sents ratio of yield point to tensile strength (yield ratio). It will 
be noticed that the yield ratio rises rapidly to a maximum value 
and then remains nearly constant until a high degree of. cold work- 
ing has been reached. The curve representing shear ratio grad- 
ually approaches a horizontal direction, but evidently would not 
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ENDURANCE PROPERTIES OF METALS 
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Fig. 2—Effect of Cold Working on Properties of Monel Metal 
Sheet, Material DC. 

become nearly horizontal until the degree of cold working has 
become excessive. The approach of this curve to a horizontal direc- 
tion is less abrupt than is indicated in Fig. 10 of a previous paper.°® 

Figs. 5, 6 and 7 show the effect of cold working on tensile 
and shear properties of sheet copper, aluminum and an aluminum- 
manganese alloy. Experimental values for yield point and shear- 
ing strength are marked on each of these graphs. As shown in 
Migs. 6 and 7, yield points and shearing strength values are prac- 
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Fig. 3—Effect of Cold Working on Properties of Nickel 
Sheet, Material DB. 
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Fig. 4—Effect of Cold Working on Properties 
of Monel Metal Sheet, Material DC. 
tically the same whether they are obtained with longitudinal or 
transverse specimens. The same is true of tensile strength, al- 
though results of individual determinations of this property are 
not indicated in the figures. Shearing strength relationship for 
each of these metals is illustrated by a straight line drawn through 
experimental points. The*forms of the yield ratio and shear- 
ratio curves in each of these figures are similar to the forms of 
the corresponding curves in Figs. 3 and 4. 
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per Sheet, Material DJ. 
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195 


Kigs. 8 and 9 show results obtained with alpha brass sheet. 
\s shown in Fig. 8, the curves for 69:31 brass differ in form from 
those shown in Figs. 3 to 7 inclusive. The curve of yield points 
Fig. 8 rises less rapidly, and the curve of yield ratios ap- 
proaches a maximum less abruptly than in the preceding fig- 
ures. The line representing shearing strength, instead of being 
straight, is sughtly curved; this makes the line representing shear 
ratios practically straight. As shown in Fig. 9, the curves for 
66:34 brass are intermediate in form between the 
in Figs. 3 to 7 inclusive and those shown in Fig. 8. A line pass- 
ing through the individual points for shearing strength would 
evidently be slightly curved. 


eurves shown 


To account for the abnormal form of the graphs for sheet 
brass the possibility of internal stress was investigated. The 
samples of sheet material shown in Figs. 1 to 14 inclusive were 
coated one side with paraffin, and the other side was subjected to 
acid attack. As the metal on one side of the sheet dissolved 
away the brass sheet specimens, especially those of 69:31 brass, 
curved decidedly. Specimens from other sheet material did not 
curve. It therefore seems possible that the abnormality of the 
curves in Figs. 8 to 9 is due to internal stress. 

Kigs. 10 to 14 inclusive show effect of cold working on tensile 
and shear properties of bar material. In Fig. 10 the values for 
individual yield point determinations have not been indicated. 
The curves for endurance limit in Figs. 10 and 11 will be dis- 
cussed later. As shown in Figs. 10 to 14 inclusive, the curves for 
bar material are similar in form to the normal curves for sheet 
material shown in Figs. 3 to 7 inclusive. The shearing-strength 
relationship in each figure is expressed by a straight line. Since 
these figures represent ingot iron and a great variety of non- 
ferrous material, it seems evident that when percentage increase 
in tensile strength due to cold working is used as abscissas, the 
effect of cold working on the tensile and shear properties of 
(ifferent metals does not differ greatly. 

The shear ratio averages about 0.7 for annealed material and 
about 0.5 for severely cold-worked material. 


In Figs. 3 to 14 inclusive shearing strength is plotted against 
percentage increase in tensile strength. It is of interest, how- 
ever, to compare percentage increase in shearing strength with 
percentage increase in tensile strength due to cold working. In 
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Fig. 11—Effect of Cold Working on Properties of 
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Fig. 12—Effect of Cold Working on Properties of 95:5 Bronze, 
Materials, CK, F and DQG. 




















ENDURANCE PROPERTIES OF METALS 801 
Table IV are listed ratios of percentage increase in shearing 
grength to percentage: increase in tensile strength. As might be 
expected the ratios are higher for cylindrical shear specimens 
than for sheet material. The average ratio for sheet material 


is about V.9. 





Errect OF CoLD WoRKING ON Meyer HarpNess INpICcES 


About a year ago Dr. 8. L. Hoyt, in a paper published in 
the TRANSACTIONS of the American Society for Steel Treating,’ 





TABLE IV 
Ratio of Per Cent Increase in Shearing Strength to Per Cent Increase in 
Tensile Strength Due to Cold-Working 





















Material Ratio 
Material Desig- Sheet Bar 

nation Material Material 
Ingot Iron, Ciclo GEE oart tht a DQ iia 0.50 
Meokel, Cold-RGME su sesubsccstccrocess DB, A, CT 0.43 0.62 
Monel Metal, Cold-Rolled ae at a6 & & dm oe b's DC 0.45 ae 
Constantan, Cold-Rolled ................ CV ile 0.50 
Copper, Cold-Rolled .......-esesecceess: DJ, DI, CL 0.41 0.55 
Alpha Copper-Tin Alloy, Cold-Drawn.... CK, DG _ 0.63 
Alpha Copper-Zine Alloy, Cold-Drawn.... CJ aha 0.60 
69:31 Brass, Cold-Rolled ............... DO 0.60 
66:34 Brass, Cold-Rolled ................ DF 0.51 
Aluminum, Cold-Rolled ................0. DE 0.54 
Aluminum-Maganese Alloy, Cold-Rolled... DH 0.57 








described Meyer’s investigation of the ball-indentation hardness 
test. Meyer’s work showed that the relationship between load 
aud diameter of impression could be expressed by the equation 
P= ad", in which ‘‘P’’ represents the load on the indenting 
ball, and ‘‘d’’ represents the diameter of the impression. Since 
lg P = log a + n log d, the results of a series of measurements 
with different loads is expressed on a logarithmic scale as a straight 
ine in which ‘‘a’’? represents the ordinate at unit diameter, and 
“n’ represents the tangent of the angle of slope of the line. The 
indices ‘‘a’? and ‘‘n’’ are constants depending on the material. 
“a” represents the load required for initial penetration and is 
tlosely related to the yield point, ‘‘n’’ represents the rate at 
which the metal hardens with cold working. 

Since Hoyt points out that cold working causes ‘‘a’’ to in- 









s.. 4: Hoyt, “The Ball Indentation Hardness Test,” Transactions American Society for 
“tel Treating, September, 1924. 
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Fig. 13—Effect of Cold Working on Properties of 72:28 B 
Bars, Material CJ. 


crease and ‘‘n’’ to decrease, it seemed desirable to investigate tl 
effect of cold working on these two hardness indices. The Meyer 
hardness indices were, therefore, determined for a great variet) 
of bar and sheet material. The results are illustrated by Fi 
15 to 18 inclusive. 

Fig. 15 shows results obtained with severely cold-worked nick! 
and with an annealed sample of the same material. It will be 


° o . . © nlp 
noticed that the slope of the line representing annealed nick 
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-opeater than that of the line representing severely cold-worked 
nickel, At the origin, however, the ordinate of the former line 
Jess than that of the latter. From a number of such curves, 
values for ‘‘a’’ and ‘‘n’’ have been obtained. Results thus ob- 
‘ined With three kinds of material are given in Figs. 16, 17 
nd 1d. : 
Fig. 16 shows results obtained with nickel that had received 
arious degree of cold working. As shown in this figure, the 
values for ‘‘n’’? deereases from about 2.5 to about 2.05 with in- 
yegse in tensile strength due to cold working. The value for 
‘,’’ increases with degree of cold working and apparently ap- 
proaches a maximum, Figs. 17 and 18 show results obtained 
‘th copper and aluminum. respectively. The curves are similar 
those for nickel. In Figs. 17 and 18 the curves for ‘‘n’’ ap- 
proach a minimum at a smaller percentage increase of tensile 
streneth than does the ‘‘n’’ curve in Fig. 16. It is doubtful. 
however, whether the ball indentation test is sensitive enough to 
justify accurate comparison of the form of the ‘‘n’’ curve for 
jifferent kinds of material. Apparently the ‘‘n’’ curve approaches 
a horizontal direetion more abruptly than does the curve of shear 
ratios, as Shown in Figs. 3 to 14 inclusive. The ‘‘n’’ curve for 
nickel, as Shown in Fig. 1, if inverted, would be somewhat sim- 
lar 


in form to the eurve of rotating-cantilever endurance limits, 
as shown in Fig. 9 of a previous paper. Further investigation 
f the endurance properties of severely cold-worked material must 
be made, however, before definite comparison can be drawn. be- 
tween curves of endurance limits and any of the curves shown 
in Figs. 83 to 18 inelusive. 


Errect OF CoLD WorKING ON ENDURANCE PROPERTIES OF COPPER 


In previous papers®* the endurance properties of cold 
vorked copper were discussed. No direct comparison was made, 
lowever, between the rotating-cantilever endurance limits of cold- 
worked and of fully annealed copper. Fig. 19 shows results ob- 
tamed with rather severely cold-worked copper and with the 
‘ame material after complete annealing. As shown in this figure, 
the anion for eold-worked copper is approaching a horizontal diree- 
tion between 50,000,000 and 100,000,000 cycles. The curve for 
‘ully annealed copper becomes practically horizontal at less than 
90,000,000 eyeles. The endurance limits of the cold-rolled and 


1. J 


McAdam Jr. “Endurance Properties of Metals,’’ Mechanical Engineering, July 1925. 
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i the fully annealed material are evidently about 16,090 and 
000 pounds per square inch respectively. The tensile strength 
yn Bars, I the cold-worked material had been. increased by cold working 
bout 62 per eent above that of fully annealed material. The 
hdurance limit has been increased about in proportion to the in- 
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crease in tensile strength. In this respect, therefore. 
haves like the other nonferrous metals and alloys whos 
properties have been previously investigated by the write, 


The effect of cold working on the endurance limit o{ 


is illustrated in Fig. 11. Two of the three experimental] y,;, 





Values of a. Values of nr. 
Rod Material | © 
Sheet Material | A 

| 


ValuUlLs- 


— Vb 


e 


80 100 
% Increase in Tensile Strength Due fo Cold-Working. 


Fig. 16—Effect of Cold Working on Meyer Hardness Indices, N M 
and DB. 


representing endurance limits are obtained from Fig. 1! 
third point was obtained from a previous paper.® A compa! 
of the line of endurance limits in Fig. 11 with the solid line 
durance limits for nickel in Fig. 10 shows that the forme! 
an abscissa of 60 has not begun to curve toward a horizontal (ire 
tion as has the latter. The broken line of endurance limits in 
11 represents the approximate effect of cold working followed 
anneal at about the temperature of incipient erystallization. 
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in alloys. The upper and lower curves represent alloys contain- 
ig about 10 per cent and 5 per cent tin respectively. The small 
represent cold-worked material, and the triangles repre- 
‘it Tully annealed material. It will be noticed that for each 
hese alloys the endurance limit of the cold-worked material 
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20 shows rotating-cantilever results obtained with copper- 























808 TRANSACTIONS OF THE A. 8. 8. T. 


is no higher than that of fully annealed material. In 
gation of a great variety of alloys these copper-tin 
the first that failed to show increase of endurance limit 
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Fig. 18—Effect of Cold Working on Meyer Hardness Indices, Al 
Material DE. 


seemed possible that this abnormality might be due to inclusiol 
or small flaws, since such defects might be expected to lower t 
endurance limit of work-hardened more than that of anneal 
material. Investigation of brass alloys now to be described, ho 
ever, disclosed another possible cause of the abnormal behav 
of the copper-tin alloys. 3 
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Fig. 21 shows results obtained with 70:30 brass. 
sile strength of this material as received had been increased }) 
eold working about 63 per cent above that of fully annealed 
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material. The next lowest and the lowest curves in this figure 
show results obtained with material as received and with fully 
»ynealed material respectively. The endurance limit of the cold- 
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Fig. 23—Effect of Temperature of Anneal on Physical Prop- 
erties of Cold-Worked 70:30 Brass, Material DM. 
worked material is about 17,500, and that of the fully annealed 
The ten- material is about 15,000 pounds per square inch. Evidently, 
sreased by therefore, cold working has not increased the endurance limit of 
annealed this alloy in proportion to the increase in tensile strength. In 
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‘his respect the alloy behaves like the copper-tin alloys illustrated 
0, 

ems possible that the abnormal endurance properties of 

| er-tin and copper-zine alloys might be due to internal 

tress the test specimens. In machining the test specimens 

original bar a thick outer layer is removed, thus reliev- 

art of any internal stress that may have been in the original 

Nevertheless, it seemed desirable to investigate these alloys 

ine whether or not there was considerable internal stress 

nished specimen. Specimens of various metals and alloys 

hese and preceding endurance tests are, therefore, being 

for internal stress. The investigation thus far has shown 

material represented in Fig. 21 had an initial tensile 

: n the outer layers of the original l-inch bar), of about 

50,000 pounds per square inch. After machining the outer layers 

toa diameter of about 14 inch (the diameter of the test specimen), 

the outer layer at this diameter still had an initial tensile stress 

25,000 pounds per square inch. The 89:11 copper-tin 


alloy, whose endurance properties are illustrated in Fig. 10, showed 


in the outer layer of the 34-inch bar initial tensile stress of about 
18,000 pounds per square inch. When machined to a diameter 

» inch the initial stress was still about 8,000 pounds per 
square inch. No more of the 95:5 copper-tin alloy was available 
for internal stress tests, but another sample of the same composi- 
tion and from the same manufacturer showed initial stress of 
30,000 at a diameter of 0.9 inches and about 7,000 after being 
machined to a diameter of 14 inch. 

It seemed possible that the unexpectedly low endurance lim- 
its of the cold-worked copper-zine alloy (material DM, illustrated 
in Fig. 21), were due to internal stress. Additional endurance 
tests were made on specimens of the same material after annealing 
at temperatures below the recrystallization range. This anneal- 
ing was for the purpose of relieving internal stress, but without 
electing an important decrease in tensile strength. As shown 
by experimental points in Fig. 21, annealing for an hour at 400 
degrees Fahr. has evidently raised the endurance limit consider- 
ably. Annealing at 450 and 500 degrees Fahr., however, raises 
the endurance limit still higher, as indicated by the upper curve 
in Fig. 21, As shown in this figure, the results obtained by these 
low temperature annealings were somewhat irregular. The ir- 
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regularity in the results may possibly be due in part 
temperature variation in a furnace which was not wel 
for use at these comparatively low temperatures. With : 
ful temperature regulation and longer time of anneal 
more improvement in endurance properties may be possible. 
shown in Fig. 21, the average endurance limit of the materia) 
annealed at 500 degrees Fahr. is nearly 50 per cent greater ‘th, 
that of fully annealed material.. Apparently the upper curye js 
less steep than that of the material as received; it is similar jy 
form to the lowest curve, which represents fully annealed | 


slio} + 
Ade 


adapted 


© Care 


As 


i Material 

Fig. 22 shows results obtained with 81:19 brass. The 
strength of this material as received had been increased by ¢o\\| 
working about 77 per cent above that of fully annealed materia) 
The middle and lowest curves in this figure show results obtained 
with material as received and with fully annealed material rp 
spectively. The endurance limit of the material as received jx 
about 23,000 pounds per square inch, and that of fully annealed 
material is about 17,500 pounds per square inch. The increase 
in endurance limit (about 30 per cent) by cold working is ey; 
dently not in proportion to the increase in tensile strength. 

Specimens of the same material were, therefore, annealed for 
an hour at 450 degrees Fahr. in order to relieve possible internal 
stress without important decrease in tensile strength. The effect 
on the endurance properties is shown in the upper curve of Fig. 
22, which represents material annealed at 450 degrees Fahr. After 
this annealing the endurance limit is about 45 per cent higher 
than that of fully annealed material. It is possible that further 
improvement could be produced by increasing either the tempera- 
ture or the time of the low temperature annealing. 

Evidently, however, even after low temperature annealing 
the endurance limit of these specimens of rather severely cold- 
worked brass would not be increased in proportion to the increase 
in tensile strength. Possibly for this material, as for nickel’, the 
inerease in endurance limit with cold working ceases to be pro- 
portional to the increase in tensile strength when the percentage 
increase of tensile strength by cold working exceeds a maximum 
value. For nickel this maximum percentage is about 50; for cop- 
per and constantan it is not less than 50. For alpha solid solu. 
tions of tin or zine in copper, this maximum percentage possi!) 
decreases as the proportion of tin or zine approaches the satura 
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Fig. 24—Effect of Temperature of Anneal on Physical Properties 
of Cold-Worked 80:29 Brass, Material DN. 






tion value for the alpha solid solution. If so, increase in endur- 
ance limit of copper by addition of tin or zine would be accom- 
plished at the expense of possibility of effective increase of endur- 
ance limit by eold working. Additional investigation will be nec- 
essary to determine the interrelation between effect of chemical 
composition and degree of cold working on the endurance limits 


of copper-tin and copper-zine alloys. 
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Fig. 25—Effect of Temperature of Anneal on Physical Proper 
of Cold-Worked Nickel, Material A. 





EFFECT OF ANNEALING TEMPERATURE ON ENDURANCE AND OTHER 
PHYSICAL PROPERTIES OF CoppER-ZINcC ALLOYS 


Fig. 23 compares the effect of annealing temperature on the 
endurance limit of cold-worked 81:19 brass with the effect of ar 
annealing temperature on other physical properties. As show 
in this figure, the proof stress and elastie limit increase rapi(l) 
with increase in annealing temperature up to 400-500 degrees Falir.: 
above this temperature of annealing these physical properties (e- 
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ewe Tape, crease rapidly. Above 500 degrees Fahr., tensile strength and 


Shearing strength decrease rapidly, and the shear ratio increases. 
The rotating-cantilever endurance limit (as obtained from Fig. 


porees Fahr.; 
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Fig. 27—Results of Alternating Torsion Tests, Nickel Material A. 


21) and endurance ratio increase with increase in temperatt 

of annealing up to 500 degrees Fahr. The curve of endurance 
limits in Fig. 23, however, is represented as continuing to in 
erease between 500 and 600 degrees Fahr., the temperature o! 
incipient recrystallization. This assumption, which is merely ten 
tative, is based on the fact that the rotating-cantilever endurance 
limit of cold-worked nickel** (Figs. 25 and 26) increases abrupt!) 
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at about the temperature of incipient recrystallization (1000- 
1200 degrees Fahr.,) although this annealing treatment percep- 
tibly decreases the tensile strength. 

Mig. 24 compares the effect of annealing temperature on the 
endurance limit of cold-worked 81:19 brass with the effect of an- 
nealing temperature on other physical properties. As shown in 
this figure, the proof stress and elastic limit increase rapidly 
with inerease in annealing temperature up to 300-400 degrees 
Fahr.; above this temperature of annealing these physical prop- 
erties decrease rapidly. Above 450 degrees Fahr., tensile strength 
and shearing strength decrease rapidly and the shear ratio in- 
creases. The rotating-cantilever endurance limit (as obtained 
from Fig. 22) increases with increase in temperature of anneal- 
ing up to at least 450 degrees Fahr. As in Fig. 23, the endurance 
limit in Fig. 24 is represented as continuing to increase up to 
about 500 degrees Fahr., the temperature of incipient recrystal- 
lization of this material. The reasons for thus drawing the curve 
of endurance limits in Fig. 24 were discussed in describing Fig. 23. 

The evidence presented in Figs. 21 to 24 inclusive, therefore, 
seems to indicate that the effect of cold-working on the endurance 
properties of brass and bronze is greatly influenced by internal 
stress. In the material investigated the internal stress ranged 
from tensile stress in the outer layer to compressive stress near 
the axis. Such a stress gradient has the effect of shifting the 
stress range applied in a rotating bend test, so that the tensile 
stress per cycle is greater than the compressive stress. The evi- 
dence presented in Figs. 21 to 24 indicates that this type of stress 
eradient, which may be designated as positive, lowers the nominal 
rotating-bend endurance limit. The effect of a negative internal 
stress gradient is being investigated. It is possible that the effect 
of a negative internal stress gradient on the rotating bend en- 
durance limit is less harmful than the effect of a positive stress 
vradient. 

It should be emphasized that, for relief of internal stress, 
the temperature of annealing must be carefully adjusted to the 
composition of the material and the degree of cold working. For 
more severely cold-worked brass the annealing temperatures used 


in the above described experiments would possibly be too 
high. 
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EFrrect OF CoLD WORKING ON THE ALTERNATING Torsi:x 
ENDURANCE Limit oF NICKEL 


The previous discussion of the effect of cold working on e. 
durance properties deals only with the rotating-bend endiirancco 
hmit. Fig. 15 of a previous paper’, gave results of some alter. 
nating-torsion tests on cold-worked nickel, materials A and (‘T 
The results seemed to indicate that the alternating-torsion endur- 
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Fig. 28—Results of Alternating Torsion Tests, Nickel, Material CT. 


ance limit is little, if any, higher for cold-worked than for an- 
nealed nickel. As some of these curves had been obtained with 
short specimens, and other with long specimens that gave a high 
‘sensitivity ratio’,” it was recognized that the curves might not 
be comparable. Additional alternating-torsion endurance tests 
with materials A and CT have, therefore, been made using the 
same type of specimen for all tests. The results are illustrated 
in Figs. 27 and 28. 

In Fig. 27 the upper curve represents results obtained with 
severely cold-worked nickel that had been annealed at 550 degrees 


™D. J. McAdam Jr., “Accelerated Fatigue Tests and Some Endurance Propert f 
Metals,’’ Proceedings, American Society for Testing Materials, Vol. 24, Part II, 1924. 
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Kahr. to relieve internal stress. The middle curve represents 
results obtained with material that had been annealed at 1100 
degrees Fahr., which is about the temperature of incipient re- 


crystallization. The lowest curve represents fully-annealed ma- 
terial. The results for the upper and lowest. curve are somewhat 
higher than those given in Fig. 15 of a previous paper.’ Pos- 
sible reasons for this will be discussed in a later paper. The 
conclusions reached by comparison of the upper and lowest curves 
of Fig. 27 are the same as those reached by comparison of the 
corresponding curves in Fig. 15 of the preceeding paper.’ Al- 
though severe cold working has increased the tensile strength 
of the nickel to more than twice that of fully-annealed nickel, 
the alternating-torsion endurance limit of the former is apparently 
no higher than that of the latter. Annealing at about the temper- 
ature of incipient recrystallization, however, as illustrated by the 
middle curve of Fig. 27, has apparently increased the alternating- 
torsion endurance limit at least 25 per cent. A comparison of 
Fig. 27 with Fig. 25, therefore, will show that annealing at the 
temperature of incipient recrystallization has qualitatively the 
same effect on the alternating-torsion endurance limit as it has 
on the rotating-cantilever endurance limit of nickel. 

Fig. 28 shows results of alternating-torsion tests on nickel 
that had been less severely cold-worked than that whose endur- 
ance properties are illustrated in Fig. 27. The upper curve shows 
results obtained with material as received, and with material that 
had been annealed at 550 degrees Fahr. to relieve internal stress. 
The lowest eurve represents fully annealed material. The middle 
curve represents material that had been annealed near the tem- 
perature of incipient recrystallization. The alternating-torsion en- 
durance limit of this material as received is apparently no higher 
than that of fully annealed material, although the tensile strength 
of the former is about 60 per cent higher than that of the latter. 
Annealing near the temperature of incipient recrystallization, as 
illustrated by the middle curve of this figure, has slightly in- 
creased the endurance limit. Comparison of Figs. 26 and 28 
will show that this effect is qualitatively the same as the effect 
of the same annealing temperature on the rotating-cantilever en- 
duranee limit. 

Migs. 27 and 28, therefore, seem to indicate that cold working 
of nickel affects the alternating-torsion endurance limit little, 
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if at all, unless the cold working be followed by annea 4 
about the temperature of incipient recrystallization. The effe. 
of cold working on the alternating-torsion endurance }j;)jt 
nickel, therefore, is apparently very different from the effec 
cold-working on the rotating-bend endurance limit. Inyestio 
tion of the effect of cold working on the alternating-torsion ey 
durance limit of other metals will be made as soon as _ possi))| 


ie 






SUMMARY 





Investigation of a number of metals and alloys, described jy 
this and preceding papers, indicates that increasing the tensil 
strength by cold working to a certain limiting percentage above 
that of fully annealed material increases the rotating-bend ey 
durance limit by approximately the same percentage. For nicke! 
this limiting percentage is about 50; for copper and constantan 
it is at least 50. For some other metals and alloys it is possible 
that this limiting percentage may be different. 

Increasing the tensile strength by cold working beyond tly 
above mentioned limiting percentage increases the rotating-hend 
endurance limit less than in proportion to the increase in tensile 
strength. It is probable that with increase of tensile strength be 
yond the limiting percentage the rotating-bend endurance limit 
soon approaches a maximum. 

Cold working does not appreciably increase the alternating 
torsion endurance limit of nickel, unless the metal be afterward 
annealed about the temperature of incipient recrystallization. The 
effect of cold working on ductility, and the relationships of duc- 
tility to endurance limit is discussed in Part II. 















PART II 
History or Previous INVESTIGATION AT THE NAVAL ENGINEERING 
‘XPERIMENT STATION 








In Part I of this paper was given a brief history of the in- 
vestigation previous to that time. In Part I and other previous 
papers it has been shown that moderate cold working increases 
the rotating-cantilever endurance limit in proportion to the in- 
crease in tensile strength, provided internal stress be absent. 
Some evidence was also presented that severe cold working does 
not inerease the rotating-cantilever endurance limit in proportion 
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+) the inerease in tensile strength. If the rotating-cantilever en- 
Jurance limit for nickel be plotted as ordinates against percentage 
nerease Of tensile strength due to cold working as abscissas, the 
eurve begins to approach a horizontal direction as the percentage 
nerease of tensile strength due to cold working reaches about 50. 
Although further evidence is needed to determine whether such 
, curve is typical of all cold-worked metals, it was thought desir- 
ible to investigate the effect of cold working on other physical 
properties. The purpose of this investigation was to discover, if 
possible, some relationship between the effect of cold working on 
the endurance limit and its effect on other physical properties. 
In Part I are shown a number of graphs in which tensile 
strength, yield point, shearing strength, Meyer hardness indices, 
and other physical properties, are plotted against percentage in- 
crease of tensile strength due to cold working. 
Part | represent strength and hardness values. No curves repre- 
senting duetility were included, as previous investigation had in- 
dicated that the endurance limit of a metal has little relationship 
to ductility. A subsequent study of the results of the investiga- 
tion, however, indicated that it would be desirable to present addi- 
tional graphs showing the effect of cold working on ductility and 
on some strength values, the calculation of which involves ductility 
values. These additional graphs are presented in the present 


The graphs of 















paper. 


MATERIAL 


Nearly all the graphs, Figs. 1 to 13 inclusive, represent the 
same material that is discussed in Part I. This material was 
venerously supplied by the International Nickel Company, the 
American Brass Company, the Scovill Manufacturing Company, 
the Bridgeport Brass Company, the Aluminum Company of Amer- 
ica and the American Rolling Mill Company. A few of the graphs 
represent material that was not described in Part I. To conserve 
space, tabular results of chemical and physical tests of this new 
material will be given in Part ITI. 














EFFECT OF CoLD WORKING ON REDUCTION OF AREA 


The graphs of this paper illustrate the effect of cold working 
on ductility and on some strength values the calculation of which 
involves duetility values. These figures should be studied in con- 
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nection with Figs. 2 to 14 and Figs. 16 to 18 of Part [. yyy 
illustrate the effect of cold working on strength and hardnen 
In each of these figures of Part I and of the present paper, ahi. 
sas represent percentage increase in tensile strength due to 
working. 

In the figures of the present paper, curves 6, 7 and 8 illustrs 
the effect of cold working on ductility. Curve 6 of each of Pic 
1 to 7, representing bar material, illustrates the effect of 


1S 


CO) 


working on ‘‘reduction of area.’’ Curve 6 of Fig. 1, if dray, 


through all the experimental points, would show reversal! of eur 
ture. A comparison of this curve with the corresponding ¢ 
of Figs. 2 to 7, however, would indicate that curve 6 of Fic 
should probably be drawn as it is with upward convexity through. 
out its entire length. As the material represented in Fig. 1 \ 
from various heats and varies in chemical composition, mor 
weight should be given to some of the other figures which repre. 
sent material from the same heat cold worked to various degree 
That curve 6 in Fig. 1 slopes downward too rapidly between 
abscissas 40 and 135, is evident from the fact that the material \ 
represented by the experimental point at abscissa 135, even whe 
fully annealed, gives a reduction of area of only 49 per cent 
Figs. 2, 4, 6, 8 and 9, each represent material from a single heat 
Curve 6 of each of these figures, therefore, is probably a typical 
‘‘reduction of area’’ curve. 


urvyes 


1 


Errect OF CoLD WorRKING ON ToTaAL ‘‘ ELONGATION”’ 


Curve 7 in Figs. 1 to 13 represents total percentage elong 
tion. In Figs. 1 to 9, representing bar material, the ordinate 
represent percentage elongation in an original gage length of ° 
inches. In Figs. 8 to 13 representing sheet material the ordinates 
represent percentage elongation in an original gage length of + 
inches. The test specimens are described in Part I. It will le 
noticed that in each of these figures curve 7 at first slopes rapidl) 
downward. With increase in degree of cold working, however. 
the slope gradually decreases until the curve becomes nearly hor'- 
zontal beyond an abscissa of 35 to 70. 


Errect or Cotp WorKING ON ELONGATION AT MAximum L0.0 


Curve 8 in Figs. 1 to 13 represents percentage elongati0! 
at maximum load, the point at which the specimen begins | 
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5—Effect of Cold Working, on Properties of Copper Bars, Materials BU, CL 
Fig, 6—Effect of Cold Working on Properties of Alpha Copper-Zine Alloy Bars, 


Bs 


‘neck.’ This value is determined from an automatic diagram 
on Which a mark is made when maximum load is reached. It will 
be observed that in each of these figures curve 8 descends rapidly 
near the origin, but that the slope gradually decreases until the 
curve becomes practically horizontal at an abscissa of 30 to 70. 
seyond this abscissa the ordinate represents an elongation of only 
aiew per cent. 

It is worthy of note that in each figure, except possibly Figs. 
3,7 and 10, the abscissa at which curve 8 becomes practically 
horizontal has approximately the same numerical value as the 
“elongation at maximum load’’ as determined in a tension test 
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in Fig. mc of Cold Working on Properties of Ingot Iron Bars, Ma 
of fully annealed material. In other words, the abscissa at which 
eurve 8 becomes practically horizontal has approximately thie same 
numerical value as the ordinate at zero abscissa. The 


apparent 
exceptions in Figs. 3, 7 and 10 are probably due to slight exper: 
mental errors. This relationship between the abscissa at whicl 
eurve 8 becomes horizontal and the ordinate at zero abscissa 


might have been expected if the material represented by I's. 
1 to 13 had been cold worked by tension alone. If fully annealed 
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Fig. 8—Effect of Cold Working on Properties of Aluminum Bars, Material DR. 
Fig. 9—Effeet of Cold Working on Properties of Aluminum-Manganese Alloy Bars, 
Material DS, 





material be ecold-worked by tension alone to the point of ‘‘necking,’’ 
it might be expected that a tension test specimen machined from 
such material would begin to ‘‘neck’’ without previous elongation. 
Actually such a specimen will elongate slightly before necking. 
The elongation, however, is about the same as the minimum elon- 
gation illustrated in curve 8 of Figs. 1 to 13. Material represented 
by the point at which curve 8 becomes nearly horizontal, is in 
the same condition as material that has been cold-worked by ten- 
sion to the point of necking. It is evident that for previously 
fully annealed material, cold-worked by tension to the point of 
necking, the percentage increase in tensile strength due to the 
‘old working by tension is approximately equal to the percentage 
elongation at that point. This relationship is only approximate, asa 
specimen does not remain exactly cylindrical during extension to the 
point of necking; nevertheless, calculations made on this assump- 
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tion are sufficiently accurate to be used in comparison 0: 
Although the material represented in Figs. 1 to 13 had jeey « 
worked by rolling, drawing or hammering, the ductility 
are evidently about the same as if the material had belie eald 
worked by tension alone. It should be possible, therefore. 4, 4 
press each degree of cold working, whether by rolling, draw). | 
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Fig. 10—Effect of Cold Working on Properties of Nickel Sheet, 
Material DB. 
hammering, in terms of a definite stage in a tension test of full} 
annealed material. 
A eomparison of curve 8 of Figs. 1 to 13 with the curves io! 
Meyer hardness indices in Figs. 16, 17 and 18 of Part I, shows 
that the curves of ‘‘elongation at maximum load”’ are similar i 
form to the curves for ‘‘n’’ values. It seems probable that wit! 
increase in degree of cold working the ‘‘n’’ value and the ductility 
(as represented by ‘‘elongation at maximum load’’) both reat 
an approximate minimum at about the same time. To determiue. 
however, whether the curve of ‘‘n’’ values and the curve of ‘‘elon 
ation’? become practically horizontal at the same abscissa would 
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require many more determinations of the ‘‘n’’ value for a great 
variety of material. Beyond the abscissa at which the curve of 
“n’? values become horizontal ‘‘n’’ is about 2, which means that 
‘he ratio of load to projected area of ball indentation is constant. 
\pparently, at this abscissa the metal is in the same condition 
js it is at the point of necking in a tension test. In this condition, 
vith increase in degree of cold working by tension, the percentage 
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Fig. 11—Effect of Cold Working on Proper- 
ties of Copper Sheet, Material DJ. 






rate of increase of actual strength is just equal to the percentage 
rate of decrease of area of cross section. 


KrFecT OF CoLD WorKING ON AcTUAL STRESS AT MAxtmum TLOAp 
IN TENSION 


The actual stress at maximum load in tension has been eal- 
‘ated on the assumption that the specimen remains cylindrical 
’s it extends to the point of necking. As the specimen does not 
remain exactly eylindrieal, the area of cross section at the point 
ot necking ealeulated in this way is somewhat too large; never- 
theless, the error is slight even in a specimen with only a 2-inch 
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Fig. 12—Effect of Cold Working on Properties of Aluminuw 
Sheet, Material DE. 

gage length and diameter of 0.505 inch. Assuming that the speci 
men remains cylindrical until it begins to neck, the actual stress 
at point of necking would be greater than the ‘‘tensile strength” 
by a percentage equal to the ‘‘elongation’’ at the point of neck 
ing. The values for the ordinates of curve 2 in Figs. 1 to 13 
were calculated in this way. 

As shown in Figs. 1 to 13, curve 2 at the origin is considera)! 
above the straight line 3 representing tensile strength. With in- 
crease in degree of cold working, curve 2 approaches line 3 until, 
at the abscissa at which curve 8 becomes practically horizontal, 
curve 2 becomes parallel to line 3. The relation of curve 2 to 
line 3 necessarily depends on the form of curve 8. 

With few exceptions in Figs. 1 to 13 the point at which curve 
2 becomes parallel to line 3 has an ordinate approximately equal 
to the ordinate at zero abscissa. Between these two ordinates 
curve 2 apparently has slight downward convexity, although in 
some of the figures this portion of curve 2 could be represented 
by a horizontal straight line. A little consideration will show 
that this portion of curve 2 would necessarily be a_ horizontal 
straight line if the material had been cold-worked by tens si0l 
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alone. Evidently, therefore, curve 2, representing material that 
has been eold-worked by rolling, drawing or hammering, does 


not differ greatly in form from a curve representing material 
that has been cold-worked by tension alone. 









krrect OF CoLD WorRKING ON BREAKING STRESS IN TENSION 


Curves 1 and 5 of Figs. 1 to 9 inclusive illustrate the effect 
of cold working on actual and nominal breaking stress. Nominal 
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breaking stress is calculated by dividing the breaking load by the 
original area of cross section. Actual breaking stress is caleu- 
lated by dividing the breaking load by the reduced area of cross 
section measured after fracture. 

The curve of nominal breaking stress in Figs. 1, 2, 5, 8 and 
J is Similar in form to curve 2 representing actual stress at max- 
mum load. In Figs. 3, 4 and 7 curve 5 is more nearly paralle! 
(0 curve 2 representing tensile strength. In Fig. 6 curve 5 is 
more nearly parallel to curve 2 than to curve 1. As for some 
specimens the determination of breaking load is not accurate, it 
is not surprising to find a variety of forms of the curve of nom- 
inal breaking stress. The evidence seems to indicate, however, 
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that the curve of nominal breaking stress is usually si) 
form to the curve of actual stress at maximum load. 

The determination of actual breaking stress is subject to cop. 
siderable error due to errors in determination of breaking Joaq 
and of sectional area at fracture. <A curve of sectional area 
fracture would be the reverse of curve 6. It would curve upward 
with gradually increasing slope and would be similar in for 
to curve 5 of Fig. 2. If the curve of sectional area at fractyre 
is parallel to curve 5, evidently the graph representing actya| 
breaking stress is a horizontal line. With due allowance for the 
wide variation in individual determinations of actual breakine 
stress, it is evident that with few exceptions graph 1 of Figs. 
1 to 9 inclusive is best represented by a horizontal line. The 
exceptions are Figs. 4, 7 and possibly 8. In Fig. 4 curve. 1 slopes 
slightly upward. In Fig. 7 the curve slopes rapidly downward 
beyond an abscissa of about 60. As the experimental point at 
an abscissa of about 100 in Fig. 7 represents material that had 
been hammered cold, it might be that less weight should be 
given to this curve than to curve 1 of the other figures. Pos- 
sibly the: greatest weight should be given to curve 1 of Fig. 2. 
which represents material from the same heat. The evidence 
presented in Figs. 1 to 9, therefore, would seem to indicate that 
the actual breaking stress is usually independent of the degree 
of cold working. This would necessarily be true of material that 
had been cold-worked by tension alone. Apparently in actual 
breaking stress, as in actual stress at maximum load and in due- 
tility, cold-rolled or cold-drawn metal usually behaves like material 
that had been cold-worked by tension alone. 


EFrrect oF CoLD WorRKING ON YIELD POINT IN COMPRESSION 


Curve 4 of Figs. 1, 3, 4 and 6 illustrates the effect of cold 
working on yield point in compression. Though this curve logic- 
ally belongs with the graphs of Part I, the results had not been 
obtained at the time Part I was assembled. Curve 4 from the 
origin rapidly approaches line 3, representing tensile strength. 
Beyond an abscissa of about 30, curve 4 runs parallel to line °. 
In Fig. 1, at an abscissa representing severe cold working, curve 
4 again departs from curve 3. In this respect curve 4 of Fig. ! 
is similar to the curve of tensile yield points in Fig. 10 of Part |. 
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[he curves of compression yield points should be compared 
with the eurves of tensile yield points in Part I. It will be 
noticed that the curves of yield points in tension and in com- 
pression are similar in form. Some of the former curves, however, 
become parallel to the line of tensile strength at a smaller abscissa 
than do the latter curves. 


CONCLUSIONS 


The results presented in Parts I and II lead to the following 
conclusions : 

The percentage increase in shearing strength due to cold 
working is approximately one-half the percentage increase in ten- 
sile strength. For fully-annealed material the shear-ratio is 0.70 
to 0.75. For severely cold-worked material the shear-ratio ap- 
proaches 0.5. 

If various physical properties be plotted as ordinates against 
‘percentage increase in tensile strength due to cold working’ as 
abscissas, the graphs for the same material each show a critical 
point at about the same abscissa, or within a relatively small range 
of abscissas. The physical properties that show such ‘critical 
abseissas’ are, yield point in tension and in compression, yield 
ratio, total elongation, elongation at maximum load, Meyer’s ‘n’ 
value, actual stress at maximum load, and possibly nominal break- 
ing stress. At these critical abscissas the curves either become 
horizontal or become parallel to the line representing tensile 
strength. 

The eritical abscissa for the curve of elongation at maximum 
load is approximately equal numerically to the ‘elongation at 
maximum load’ for fully annealed material. 

The critical abseissa for Meyer’s ‘n’ value is possibly about 
the same as that for ‘elongation at maximum load’. For the 
majority of metals tested, the critical abscissa for yield point in 
tension and in compression does not differ greatly from the critical 
abscissa for elongation. For some samples of sheet material the 
critical abscissa for yield point in tension is somewhat lower. 

Investigation of the effect of cold working on endurance 
properties has not advanced far enough to show definitely whether 
or not the eurve of endurance limits resembles in form any of 
the curves for other physical properties. Additional results of 
the investigation of this subject will be presented in Part ITI. 
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The curve of ‘reduction of area’ is horizontal at th: 
but slopes downward with imereasing rapidity with ine 
degree of cold working. 

The actual breaking stress for cold-rolled or cold-dra 
terial is usually independent of the degree of cold working. 

The author wishes to acknowledge the encouragement receive) 
in this work from Captain P. B. Dungan, U. 8S. N., Officer 
Charge, U. 8S. Naval Engineering Experiment Station: 
acknowledge the assistance received from G. F. Wohlgem 
Lawrence Thompson, associate metallurgists, and from J. | 
and A. P. Vandermast, laboratorians at the Naval Experimen 
Station. 
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e Discussion 


Dr. ZAy JEFFRIES: I would like to ask Dr. McAdam if he has 
planation of the effect of cold work and recrystallization on th« 
torsion results obtained with nickel. 

D. J. MoApaAm, JR.: 

As relatively few experiments have been made to determine 
of cold working on alternating torsion endurance properties, I am 
the results of additional experiments before discussing possible reaso: 
the facts here presented in regard to nickel. Since, as shown in t! 
cold working raises both longitudinal and transverse tensile and 
strength of sheet material, I was surprised to find that it did not 
alternating-torsion endurance limit of nickel. The only property longitud 
or transverse that is not increased by cold working is ductility 
is decreased by cold working. It is possible that ductility affects 
nating-torsion endurance limit more than it affects the rotating- 
endurance limit, and that this accounts for the different effect of cold 
ing on these two endurance limits. The subject, however, needs mor 
gation before definite conclusions can be drawn. 

A. L. Couitins: I would like to ask Dr. McAdam whether there ar 
figures showing the effect of tin on the endurance properties of non-fer! 
alloys, particularly sheets. 

D. J. McApAMm, JR.: 

As shown in a preceding paper before this Society, tin when 
copper raises the endurance limit. The rate of increase in endurance 
most rapid at small percentage of tin and the rate decreases with increas 
tin content. The endurance limit of annealed ten per cent alloy is mor 
twice that of annealed copper. 
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HEAT TREATING METHODS AND APPARATUS 
By C. B. BELLIS 


Abstract 


In this article the author discusses the technique of 
heat treating methods and apparatus, giving the meth- 
ods of a number of eastern manufacturers. A descrip- 
tion is given of an equipment for heating tools by means 
if the lead bath, with figures to illustrate. The writer 
ilso discusses the use of the electric rotary furnace for 
small parts, the electric salt bath for rock drills and 
the heat treatment of wrist pins, describing two different 
equipments for the latter process. The question of heat 
‘reating expense dies is also considered, the writer 
laking the point of view that the process that produces 
the best possible physical properties, regardless of cost, 
is the process that should be used. He describes two 
equipments for this process. 


AX earlier article’ described the hardening rooms of several 
4 plants in the eastern section of the United States and dealt 
in some detail with the management and control of the heat treat- 
ing department of the ‘‘medium sized plant.’’ The present article 
is concerned less with administration and more with technique. 
It describes the handling and hardening of a number of typical 
tools and parts. The methods of a number of manufacturers have 
been drawn upon—in some cases because the method is typical; 
in some cases because it is unusual or particularly good. 

In a few cases the method described necessitates the use of a 
turnace and other apparatus made and sold only by a particular 
manufacturer. The names of these manufacturers cannot, of 
course, be given in an article of this type, but in each of these 
instances the method is of such outstanding efficacy as to demand 
description in an article purporting to tell something about how 
today’s plants are successfully meeting their heat treating problems. 


EQUIPMENT FOR HEATING TooLs By MEANS oF THE LEAD BATH 


One of the best continuous-production systems that I have 
ever seen in a small shop is to be found in the plant of a Massa- 


,.. contemporary Heat Treating Practice,” Transactions, American Society for Steel 
ng. Vol. 8, No. 2, August, 1925. 


The author, Clifford B. Bellis, member A. S. S. T., is consulting 
metaliurgist, 161 Milk St., Boston. 
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chusetts manufacturer of cutting tools. His principal procdwet jg 
a special tool-steel cutter having the cutting edge at one end and 
a hole at the other. The cutting end is hardened in a lead pot. 
the remainder being left untreated. 

This manufacturer has built an overhead e¢arrier railway 
around the hardening room. To the ‘‘cars’’ are attached racks 
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Fig. 1—Diagram Showing Handling Facilities and Arrangement of Equip 
ment Used by an Eastern Manufacturer for Rapid Treatment of Simple Tools 


each of which carries a group of tools suspended point downward. 
The racks can be raised or lowered at will. The arrangement ol 
the hardening room is shown in Fig. 1. 

While it would be quite possible to immerse a rack full ol 
tool points simultaneously in the lead pot, it has been found more 
expedient to attach a fixed rack to the top of the rectangular 
lead pot, (Fig. 2) and to set one tool in the lead pot at a time. 
and to remove them one at a time. This makes it possible to 
quench the tools individually, (an unquestionable advantage) and 
causes no loss of time, because the tools are inserted into and re- 
moved from the lead bath in continuous rotation. When an 
individual tool has been quenched it is hung upon a traveling rack 
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which is directly over the quenching bath. The procedure of 
the man at the fire, then, is to hang a tool in the lead pot, to take 
out the one that has been in longest, to quench it, to hang it on 
the traveling rack over the quench, and then to repeat the opera- 





Fig. 2—Fixed Rack Over Lead Pot. Tools are Hung from Hooks 
The Traveiing-racks, Which are Similar in Construction, are Sus- 
pended from Cars Running on Overhead Rails. 
tion. The number of tools on the fixed lead bath rack is so ad- 
justed, and the man’s speed of operation is so timed that the tool 
which he removes from the lead pot has been in the heat just the 
correct length of time. A pyrometer in the lead pot and an auto- 
matic furnace temperature control apparatus maintain constant 
conditions of heating. 
When the traveling rack at the quenching bath has been 
illed with hardened tools it is moved on toward the tempering 
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bath and another empty rack takes its place. An oil bat! 
for tempering. The proper temperature is maintained by inanya 
adjustment because the operator at this bath has less to do thay 
the operator at the lead pot. For this reason the man 

the plant feels that the expense of an automatic control ¢: 
imately be saved. The temperature of the bath is indicated | 
a steel-tube thermometer. 

The proper time and temperature for the tempering ojratio, 
have been determined by experiment for tools of a given mode 
and the man in control of the process at this point lowers the ya: 
full of tools into the bath for the specified time, and then raisins 
the rack, sends it along the rails to the first of the wash tanks 
These contain the usual cleaning solution (tri-sodium phosphat; 
and soda ash) and are kept boiling. After washing, the rack 
are moved around to a position near the quenching tank wher 
the tools are removed and loaded upon hand trucks for remo 
from the department. 


S Used 


ELEcTRIC RoTARY FURNACE FOR SMALL Parts 


The large type electric furnace with a circular floor revolvin 
in a horizontal plane has become a familiar sight where larg 


heavy objects are to be heated. Not only in the steel industry 
but in many others where large work is being handled, they hay 
been found very efficient in continuous operation. Such furnace 
are not common in small sizes, but there are-places where a sma 

furnace of similar design is being used to great advantage. A) 
instance of this is found in an eastern shop where small specia 
tools are made in large quantities. The furnace, (Fig. 3.) is almost 
an exact replica of the huge ‘‘electric rotaries’’ except for size 

it is less than two feet in diameter. The resistors are fastened 
against the circular side walls as in the large furnaces. The speed 
at which the floor revolves is adjustable, and it is of course varied 
until a tool placed in the furnace will be just heated throug! 
to the correct temperature during one revolution. The tools are 
then fed continuously into the furnace through the left half oi 
the door and removed when they again reach the door. A yertical 
fin of asbestos board crosses the floor at the center of the doo! 
to prevent the possibility of a tool taking a second trip through 
the furnace. 

A somewhat similar arrangement is used in anothe! 
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for brazing small pieces. It has been in operation for many years 
and is giving the greatest satisfaction. 


Evectric Sat Batu For Rock DRILLS 


The writer has a client, a mining company, that hardens 


90) rock drills a day. The conditions encountered are some- 


Electric Heating Elements—_ 


A 


Asbestos board fin- 


Fig. 3—Horizontal Section Through Electric Rotary Furnace for 
Small Ports. 


what unusual, and the problem of treating the drills uniformly 
and economically is an interesting one. An approach to these 
conditions may likely obtain elsewhere, and the miners’ experience 
should prove valuable to anyone finding himself confronted with 
a similar problem. 

The drills are of the usual type used in mining: carbon 0.65- 
.70 per eent, frequently sharpened by forging and rehardened. 
The work is done in a locality where the transportation of solid 
fuel is diffieult, gas is unavailable, oil is costly, but electric power 
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is obtained easily and cheaply. Moderate pitting of the 
unimportant, but steady production and moderate ace 
quenching temperature are essential. The heating mediun 
is used is a salt bath heated through its own electrical re 
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It has been found to be almost perfectly fitted for the wor’ 
these conditions. The furnace used is diagrammatically s| 
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Fig. 4—Electric Salt Bath Furnace. 


Fig. 4. A mixture of barium chloride and potassium chlorid 
is used. . It gives excellent results up to 1500 degrees Fahr. 
The furnace is square and the salt chamber cubic in shape 
The chamber is formed in one piece of a non-conducting refractory 
and the rest of the furnace consists, as usual, of fire brick and suit- 
able. heat insulating material. Two electrodes of Swedish iro 
cover two opposite interior walls of the salt chamber. These 
electrodes are connected to the secondary terminals of a variable 
voltage transformer, the primary of which is connected through 
suitable switches to an alternating current power supply line. 
In starting the furnace a carbon rod connected to one electrode 
is brought into contact with the other at the surface of the (frozen 
salt. The are melts the salt locally. The small pot of fused salt 
becomes a conductor and it is lengthened out as the rod is slowly 
drawn across the bath, until a small channel of molten salt con- 
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nects the electrodes. After that the entire chamber of salt grad- 
sally melts and comes up to the desired temperature. 

‘The correct hardening temperature being known, and the bath 
maintained at that temperature, a few trials will show the length 
of time that the drill must be immersed to become heated thor- 
oughly. When this figure has been obtained it becomes a simple 
matter to feed the drill-points into the furnace and thence into the 
quench, either individually or in groups. 

A pyrometer thermocouple, suitably protected, should be im- 
mersed in the bath, and an automatic temperature control has 
een found well worth while. The protector for the pyrometer 
sre-end may be a steel tube closed at one end. 
yell at carbon steel hardening temperatures. 




















This stands up very 
For higher temper- 
atures the best results are obtained by the use of a wrought-nickel 
protection tube. This can be made from thick-walled drawn- 
nickel tubing or drilled from a cylindrical bar of rolled nickel. 

For a furnace having internal dimensions of about 12x12x14 
inches the installation is rated at 20 kilowatts. After the furnace 
is up to temperature the current consumption is of course much 
less than this. During heating-up a voltage of about 75 is main- 
tained; when the furnace has reached equilibrium only 10 to 20 
volts are necessary. 

The electrie salt bath has several peculiarities and limitations 
that are of utmost importance to the prospective user or builder: 
| frequency of less than 25 cycles will give difficulty through 
electrolytic phenomena; chloride baths are troublesome and un- 
sitisfactory for working temperatures above 1550 degrees Fahr.; 
leat losses from the surface of the bath are very high. This 
last point is true of all salt baths and should be taken into con- 
sideration when selecting heating methods wherever a salt bath 
is one of the possibilities, and when designing any type of salt 
bath furnace. 










The emissivity of a salt bath consisting of inorganic salts 
is about 0.9, which means that it is a 90 per cent perfect radiator 
of heat (the theoretical ‘‘black body’’ having an emissivity of 
10). Sinee a protecting layer (like charcoal) cannot be used 
on the surface of the bath, this factor becomes one of primary 
importance. I have seen a salt bath furnace designed by a group 
f eminent furnace engineers turn out to be a complete failure 
vecause the emissivity was assumed to be 0.5. 







This would have 
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been a more than generous estimate for most materials. 
for a salt bath. The current supply was all used up in 
heat into the hardening room, and there was no surplu 
for doing any hardening. The moral is,-of course, that 
bath is to be built it should be designed with an eye fo: 
that the surface of the bath will be an efficient radiat 
fact has a bearing on the size of transformer to be us 
present case, and it may have a determining influence 


Fig. 5—Swinging Rear Door of Muffle Furnace for Wristpins 


choice of fuel or source of heat, as in the present instance wher 
electricity is cheap. 


Heat TREATING Wrist PINS 


Wrist pins are made in such large numbers and in so man) 
places that it is perhaps not amiss to describe how one small man- 
ufacturer is handling them. This manufacturer frequently gets 
a contract to make a few thousand pins, and-he has set apart one 
furnace for giving them the heat treatment that follows carburiza 
tion. In this simple furnace, specially arranged for the purpose. 
one man can harden more pins than were previously treated }) 
two men with two furnaces in the same length of time. The tur 
nace is of the muffille or oven type (Fig. 5.) but much lower fo! 
its length than is usual for a muffile furnace. In this case the 
furnace is not more than six inches high (inside dimensions). 
while it is about 30 inches deep. Uniform temperature throughott 
the muffile is easily obtained. This would probably not be the 
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ut not ase (or & homemade furnace of this shape, but a competent fur- 


radiating nace engineer would not find great difficulty in designing such 


enero, , uniformly heated muffle. It is safe to say that any good furnace 
a salt manufacturer could supply the proper equipment on special order. 


the fae The rear wall of the furnace may have a door of the usual type, 
r. This or the rear wall of the muffle may be of light construction and 


 Wased 


In the hinged at its upper edge as shown in the illustration. The quench- 


pon the 


of 
‘¢ 
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Fig. 6—Layout of Wristpins in Low Wide Muifle Furnace. 


ing tank is at the immediate rear of the furnace, so that pins 
pushed out through the back door will drop directly into it. 


stance where The pins are placed in the furnace end-to-end in rows extend- 


ing from front to rear (Fig. 6.). Six 4-inch pins are strung like 
beads on a steel rod which is inserted into the furnace, lowered, 
and the rod is withdrawn. The next row is placed next to it in 


1 in so many the same manner, and so on. When it is time for the first row 
1€ smal] man- to leave the furnace, it is pushed straight through the rear open- 
equently gets ing into the quench, and a new row is put in its place. In the 
set apart one regular swing of production the hardener soon learns how fast 
ws carburiza- he must perform each operation to make the process continuous. 
the purpose, that is, to have the ‘‘eldest’’ row ready to quench just when the 
ly treated by latest row has been placed in the furnace. 
ne. The fur- It may seem that the row of pins will sometimes buckle when 
uch lower for the row is pushed longitudinally out through the furnace, but 
this case the there never has been any trouble of this sort, even with a plane 
dimensions), floored furnace. Such a contingency could, however, be guarded 
re throughout against by the installation of a rack on the floor of the muffle, 


y not 


be the the rack having longitudinal grooves for the rows of pins to lie in. 
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LARGER SCALE EQUIPMENT FOR CONTINUOUS TREATMENT’ 0 
Wrist PINs 


f 


A more pretentious apparatus for wrist pin or shack 
hardening is shown in Fig. 7. Where work of this type is doy 
continuously in considerable quantity this method has proved 
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Fig. 7—An Automatic Heating and Quenching Device Used in Some of the Large Aut 
Plants for Continuous Treatment of Wristpins and Shackle Bolts. This Outfit is M 
by a Well-known Electric Furnace Manufacturer. 
be very efficient. In one automotive plant in the middle west 
four of these furnaces are in regular use. 

The general scheme is similar to the hand-operated method 
just described; the pins enter the furnace at one end and drop 
directly into the quench from the other. The pins in the furnace 
lie in longitudinal rows in grooves in a rack which is fixed in the 
heating chamber of the furnace and extends from door to door, 
sloping slightly downward toward the rear or quench end of the 
furnace. A cam at the front door end of each row pushes ilie 
row down the slope a pin-length at a time. At each revolution 
of the cam a hot pin drops into the quench, and a new pin 1s 
placed by the operator at the cam end of the row. 

When the proper equilibrium has been reached between the 
furnace temperature and the rate of progression of the pins through 








MENT 0} 


hackle-ho}; 
pe Is done 


proved to 


cj 


7C/N 


ge Automot 
utfit 3s Mad 


iddle West 


ed method 
and drop 
he furnace 
ixed in the 
x to door, 
end of the 
pushes ihe 
revolution 
new pin is 


etween the 
ns through 































1095 HEAT TREATING METHODS 847 


‘he furnace, the work of hardening is reduced to a mere feeding 
operation, and excellent uniformity of product is obtained. 





Heat TREATING EXPENSIVE DIES 





The hardening of intricate or costly dies is a unique problem, 
fay different from the choice of methods for the treatment of 
omparatively low-priced tools and parts. In the latter case the 
primary desideratum is a large volume of satisfactorily treated 
nieces obtained as rapidly and cheaply as possible; in the treat- 
ment of expensive dies we want the best possible physical proper- 
‘ies (With absolutely no failures) at almost any price. Large 
dies of extremely accurate dimensions or having intricately en- 
craved designs frequently cost many hundreds of dollars in labor 
yefore they reach the hardening room. Any saving of labor or 
expense in the hardening of this die is comparatively unimportant. 
Warping, eracking, or decarburization of the die must be avoided 
at any cost, and correct results must be obtained the first time 
hecause rehardening may reduce the life of the die considerably. 

Consequently, special dies are usually hardened one at a time 
by the best hardener obtainable, using the finest equipment. The 
type of outfit most often seen (where special equipment is used 
for this work) is of the variety that automatically draws a curve 
during the heating of the die and indicates, by means of the char- 
acteristics of the curves, the time at which the die should be 
quenched. Two reliable American manufacturers supply patented 
equipment of this type and of high quality. Their two methods 
of obtaining curves are quite different in principle and considerable 
discussion may be expected regarding the relative excellence of 
the two methods. No opinion regarding the superiority of either 
one will be found in this article, but there follows a brief descrip- 
tion of each. The two types are shown in diagrammatic form in 


) 


Fig. 8. 

In both eases a vertical cylindrical muffile furnace is used. 
In the older, and at present perhaps better known, apparatus a 
pyrometer thermocouple is placed adjacent to the die to be hard- 
ened. The pyrometer is of the recording variety, and as the die 
is heated a eurve is drawn showing temperature versus time. 
When the critical temperature of the die is reached the curve 
bends sharply because the die for a short space of time absorbs 
heat without increasing in temperature, the energy going toward 
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the accomplishment of the change in structure of the stee 
the structure-change has ended the curve bends back agai 
its normal direction. The heating is continued for a s| 
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Fig. 8—Diagrammatic Representation of Two Types of Apparatus Which !) 
Curves During the Heating of the Part Being Heat Treated, and Thus Indic: 
Time at Which It Should be Quenched. 


(the optimum time having previously been found by experiment. 
and then the die is removed from the furnace and quenched. 
The curve-drawing mechanism in the other type of apparatus 
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‘s quite different. 
‘arnace at all, but there is a mechanical device which, through 
, silica rod or tube in contact with the die and a system of levers 
the furnace, indicates (on a recording sheet and other- 
wise) any change in the dimensions of the die. The curve that 
‘; automatieally drawn shows length-of-die versus time. 

Vhen the die is slowly coming up toward its critical tempera 


There is not necessarily a pyrometer in the 
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Fig. 9—-Relative Cooling Curves of Center and Surface of a 
Quenched Die. The Slope of the Curve at Any Point Indicates the 
Rate of Cooling. A Certain Minimum Rate of Cooling Through the 
Critical Point is Necessary for Hardening. 


















ture the line drawn on the chart is nearly straight because the 
steel is expanding in proportion to the rise in temperature; but 
when the eritical point is reached the die commences to contract, 
and the curve bends sharply. When the change in structure, 
vhich takes place at this point, is completed the curve bends back 
toward its original direction, and shortly after this the die is 
yuenched. The indicating mechanism is equipped with a dial 
showing direction of dimension-change and also with electrical 
‘ontacts which make possible the ringing of a bell, or the actuation 
of some other alarm, when the contraction’ of the die takes place 
it the critical temperature. 

In the ease of both of the outfits described it is customary 
(0 preheat the work in another furnace when the apparatus is 
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used to treat a number of dies or other articles consecutiye) 
This makes it possible to attain a comparatively high rate of ore. 
duction, as only a small portion of the actual heating need be qo, 
in the curve drawing furnace. 

The correct amount of heating after the critical point ha 
been passed is the least that will provide the depth of hardeniy: 
desired. It will depend upon the size of the piece and the quene). 
ing medium used. After the structure-change at the critica] point 
has taken place the grain size of the steel (which is at a minimuy 
at that point) increases with further heating, thus seriously affect. 
ing the physical properties of the metal. This might seem to jp. 
dicate that the die should be quenched immediately after the 
structure-change has taken place. But when a die is quenched 
it does not cool instantaneously throughout its cross section be. 
cause steel is by no means a perfect conductor of heat. Therefore 
the die must be raised to a temperature enough above the critica] 
point so that the interior of the die will cool fast enough (as it 
eools down through the critical point) to be thoroughly hardened 
(Fig. 9). A ‘‘happy medium’’ must therefore be found by experi. 
ment; a time at which the die will be hardened to a sufficient 
depth, still avoiding excessive heating. An experienced man work- 


ing with the apparatus soon becomes proficient in picking out the 
point in the tracing of the characteristic curve where a die of 3 
given size and shape should be withdrawn from the furnace and 
quenched. 
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HEAT TREATMENT OF AUTOMOTIVE PARTS AND 
DESCRIPTION OF EQUIPMENT USED 


By A. H. FRAUENTHAL AND C. S. MORGAN 


Abstract 


This paper describes the heat treating plant of the 
Automobile Machine Company of Cleveland. The 
methods of heating, carburizing, hardenng, tempering 
and inspecting are discussed. The plant layout, fur- 
nace equipment, temperature control apparatus, and 
auxiliary equipment are dealt with. The methods of 
operating this plant are covered. 


INTRODUCTION 


| is axiomatic that the life and satisfactory operation of an 

automobile is directly proportional to the quality of the 
mechanical components of which it is composed. This quality 
does not necessarily refer to the chemical composition of the 
steels but to the accuracy of dimensions and of their proper heat 
treatment. Practically all of the mechanical parts of an auto- 
mobile are heat treated and it is the purpose of this paper to 
leseribe the methods, materials and equipment used in the plant 
of the Automobile Machine Company of Cleveland. 


MATERIALS HEAT TREATED 






The principal materials and products which are heat treated 
in this hardening room are components which make up the rear 
axle, the transmission and steering mechanisms of the Chandler 
and Cleveland automobiles. Fig. 1 is a photograph of some of 
the parts which go to make up these units. Probably the longest 
piece which is heat treated is the rear axle drive shaft (not shown 
in Fig. 1). This component is approximately 30 inches long and 
13g inches in diameter. The relative size of the pieces shown in 
Fig. 1 may be readily estimated by comparing them with the 
large ring gear, which is 105% inches in diameter and weighs about 
) pounds. Practically all of these pieces are surface-ground 
after they are hardened. 


Of the authors, A. H. Frauenthal is chief inspector for the Chandler Motor 
‘ar Company, and C. 8. Morgan is superintendent of heat treating for the 
Automobile Machine Company, Cleveland. 
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Fig. 1—Photograph Showing Some of the Various Parts which are Heat Treated 


The following is a partial list of the materials which 
through this plant and indicate the type of steel which is used 
Transmission Gears—S.A.E. 2340 
Ring Gears—-S.A.E. 2315 
Rear Axle Drive Pinions—S.A.E. 2315 
Steering Balls—S.A.E. 1020 
Steering Worms—S.A.E. 1020 
Steering Sectors—-S.A.E. 1020 
Drive Shafts—S.A.E. 3130 and 3135 
Differential Side Gears—S.A.E. 1020 
Differential Side Pinions—S.A.E. 2315 


ARRANGEMENT OF EQUIPMENT 


The heat treating department is located in a modern typ 
mill building having plenty of light from all sides, as may be 
observed in the accompanying photographs (Figs. 4, 5 and 6). 
The building is of brick and steel construction about 8&0 feet 
square, having two floors. The heat treating furnaces are |- 
eated on the upper floor, while the oil storage tanks, oil cooling 
system, blowers and air compressors are on the lower floor. The 
heat treating equipment is arranged as shown in Fig. 2, and the 
lay-out of the lower floor is shown in Fig. 3. 






















HEAT TREATING AUTOMOTIVE PARTS 


FURNACE ‘EQUIPMENT 





The furnace equipment consists of the following: 






Leeds and Northrup 13-kilowatt Hump furnace 
Leeds and Northrup 10-kilowatt Hump furnaces 
Leeds and Northrup 5.3-kilowatt Hump furnaces 
Leeds and Northrup tempering furnaces 
, eyanide heating furnaces, oil-fired 
oil-fired furnaces for heating ring gears 
’ oil-fired furnaces for heating drive shafts 
carburizing or annealing furnaces, oil-fired 
| lead-pot furnace, oil-fired. 
| salt tempering bath, cast iron container 4’x4’, oil-fired. 


THe AUXILIARY EQUIPMENT CONSISTS OF: 


‘) Leeds and Northrup recording potentiometers arranged as follows: 
10 potentiometers on Hump furnaces 

5 potentiometers on carburizing furnaces 

3 potentiometers on tempering furnaces 

2 potentiometers in reserve 

| shot blasting machine with revolving platform 
oil quenching tanks 

» water quenching tanks 

| wire brush equipment 

2 10,000-gallon fuel oil storage tanks 

| 3000-gallon quenching oil storage tank 

| air blower for combustion air 

| cooling coil system for cooling quenching oil. 
| Brinell Hardness Tester 

| Seleroscopes 

Rockwell Hardness Tester 

















an 


‘ated l This P 


als which 





hich 1S sed : 






Heat TREATING PROCEDURE 













All the forgings received in this plant are annealed or 
normalized and then are shot-blasted. These forgings are then 
delivered to the machine shop, which is adjacent to the heat 
treating department, and the necessary machining operations are 
performed. They are then returned to the heat treating depart- 
ment, where they are heat treated. Those parts which are ear- 
burized are assembled at the carburizing packing bench, where 
they are packed into the carburizing boxes. (See Fig. 2). The 
parts which are hardened without previous carburization are dis- 
tributed to the electric furnaces, where they are mounted on 


modern typ 
3, as may be 
4, 2 and 6). 


bout 80 feet 









jigs or fixtures suitably designed for supporting the pieces while 
in the electric furnace. In quenching these pieces after they 
have come up to the proper heat, the entire fixture is likewise 
quenched. These fixtures are steel castings having steel sup- 
porting rods. Part of the transmission gears are heated at 1425 


naces are lo- 
‘s, oil cooling 
wr floor. The 


2. 2. und the 


TRANSACTIONS OF THE A. 8. 8. T. 


Elechne Furnaces Lead Pot Furnace 


set | CODCOD QU000T TT 


“a ane bvenching Tanks 


Gleason king-Gee. 
Quenching Macn:n¢s 


C) C3 Overhead racks 


Quenching Tanks 
Sand Bos 


Jesting Machine 
Inspectors Bench 


Firnaces 


JU ae PPOCES 


corn Plier /a/ 


y, 
7 


JS 
7 4 


24€ 


Sora 





Fig. 2—Floor Plan of Heat Treating Department. 


degrees Fahr. in a cyanide bath for about twenty minutes, and 
are then quenched in oil. The remainder are heated in the elee- 
tric furnaces to about the same temperature and quenched in oil. 


CARBURIZING 


Many of the components manufactured in this plant are car- 
burized and then hardened. The carburizing boxes used are 0! 
two types, one the circular chimney type, and the other the 
rectangular type. These are cast steel boxes. It has been found 
in this plant that the life of these boxes is between 1000 and 120! 
hours. Two sizes of rectangular boxes are used. With the 
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}i 
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gnaller type it is possible to arrange 12 boxes in each furnace: 
vith the larger size 6 may be charged into a furnace, and in ad- 
dition 3 chimney-type boxes. The chimney-type box is used ex- 
jusively for carburizing the large differential ring gears. 
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Fig. 3—Floor Plan of Lower Floor, Showing Arrangement of Storage Tanks, Cooling 
system, Blower and Air Compressor. 


A standard commercial carburizing compound is tfsed. The 
practice followed is to use two parts of old compound to one of 
new. After each run the compound is sifted, and the coarse 
aterial is then considered old compound, and is placed in a 
storage bin. The pieces are packed into the boxes and the covers 
are luted on with a mixture of one part shot blast scale dust and 
one part fire clay. Excellent results have been obtained with 
this luting mixture, and shrinkage cracks are eliminated. 
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The carburizing furnace equipment consists of 5 oil 
naces of the under-fired type. Each furnace occupies a 
82x124 inches having a hearth opening of 48 inches 
inches high, the depth of the heating chamber being 
The furnaces are equipped with 3 oil burners, two burn 
front and one in the rear. (Fig. 4). 


Fy 
ee 
= 
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Fig. 4—View of Battery of Carburizing and Annealing Furnaces. The Car! 
ire Brought to the Furnaces by Means of the Overhead Tracks, which can be Clea 


The temperature of the carburizing furnaces is controlled 
by Leeds and Northrup potentiometer light signal system; thie 
potentiometers being housed in a separate room as can be seen 1 
Fig. 2. The parts are carburized for the required length of tim 
at 1625 toe 1675 degrees Fahr. After carburizing, the furnace }s 
discharged, the boxes being conveyed by means of the overhead 
track conveyor to the cooling floor. Ninety per cent of all the 
materials which are here carburized are cooled in the boxes, alte! 
which they are heat treated. In this plant no double heat treat 
ment is used on any of the carburized components. About 10 
per cent of the carburized pieces are quenched directly from tli 
box. Fig. 4 shows the battery of carburizing and annealing [1 
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naces. One of the furnaces is in the process of being charged. 
These same furnaces are also used for annealing. 


HARDENING OF CARBURIZED PARTS 


Aiter the boxes have cooled, they are dumped, and the parts 
are then mounted on fixtures for heat treatment in the electric 
fumaces. These furnaces are of the Hump type, and are con- 
trolled by means of a light signal system. An operator con- 
stantly observes the charts in the instrument room, and when 
the ‘‘hump’’ has been reached on a given furnace, the temper- 
ature is allowed to increase about 70 degrees Fahr. above the 
hump. Duplicate sets of lights are arranged, one above the 
recorder and the other above the heating furnace. (Fig. 6). 
When the instrument man observes that the parts haye been 
properly heated he rings a bell, then pushes a button which lights 
the red light over the potentiometer and likewise over the furnace. 
The operator then proceeds to quench the parts which are in that 
particular electrie furnace. Quenching tanks are conveniently ar- 
ranged directly across the aisle from the electric furnaces. As 
soon as the furnace has been unloaded, the operator again 
charges it with cold material and pushes a button which lights 
the blue light over the potentiometer and the furnace. In this 
way the instrument operator is then notified that the furnace is 
again ready to be turned on. 

Most of the materials which are hardened in this plant are 
quenched in oil, After quenching they are tempered either in 
electric furnaces or in salt bath tempering furnaces. In temper- 
ing with the salt bath, the pieces are placed in a wire basket and 
are submerged in the heated salt and held at 350 to 400 degrees 
Fahr. for 1 hour. After tempering they are immersed into a 
hot caustie cleaning mixture, and then into water. This cleaning 


mixture has been developed by this company, and consists of the 
following : 


25 per cent caustic soda. 

35 per cent trisodium phosphate. 
35 per cent sodium carbonate. 

5 per cent rosin. 


. 
~ 


The parts are then taken to the wire brush department, 
where they are brushed to remove any adhering scale. From this 
department they are taken to the inspection bench, where they 
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Fig. 5—Photograph Showing Heating Furnaces and Gleason Quenching Machines Used 
the Hardening of Differential Ring Gears. The Operator has Just Quenched a Gea 
are observed for cracks and tested for hardness. Three different 
hardness testing machines are used: the Brinell, the scelero- 
scope and the Rockwell. After this inspection the pieces are de- 
livered to the machine shop for the final operations. 


GLEASON QUENCHING MACHINE 


The large differential ring gears are not hardened in the 
electric furnaces, but instead are hardened in oil-fired furnaces 
to the temperature of 1380 degrees Fahr. Two of these furnaces 
are provided, each occupying a floor space of 64 x 100 inches. The) 
have a heating chamber of 33 inches wide by 14 inches high and 
48 inches deep. They are heated by two oil burners—one in the 
front and the other in the rear, and are under-fired. These fur 
naces are furnished with automatic potentiometer recorders. 
Each time a gear is removed for quenching, another cold gear |s 
placed in the furnace on the opposite side and in_ successive 
operations is pushed along the side to the rear, across the reat 


and down the other side, reaching the proper temperature nea! 


the door of the furnace and on the opposite side from loading. 
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Fig. 6—View Showing the Battery of Electric Heating Furnaces in which the Greater Part 
{ the Material is Heated. ‘The Furnaces, which are Covered with Hoods, are Cyanide Sali 
Furnaces. The Large Brick Construction on the Right is a Salt Bath Tempering Furnace 
[he Operator is Lowering a Basket of Parts into the Bath. The Bath Baskets are Conveved 
the Furnaces by Means of an Overhead Track System. 


When the gear has reached this point it is removed from the 
furnace and is placed in the Gleason quenching machine and 
quenched in oil (Fig. 5). The purpose of this machine is to re- 
duce to a minimum any distortion or warping of the gear. 


HARDENING REAR AXLE DRIVE SHAFTS 


The rear axle drive shafts are hardened in oil-fired furnaces, 
and are quenched endwise in water. After the hardening process 
they are tempered and then inspected for hardening cracks and 
tested for hardness. Should the shafts be warped, they are 
straightened on a straightening machine. 


HEATING METHODS 


Two methods of heating for hardening are employed, the 
electric and the fuel oil. In the ease of the fuel oil, two 10,000- 
vallon tanks are mounted in eradles on the lower floor of the 
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building. Each tank has a capacity somewhat greater 
oil tank-car. The oil is supplied to the furnace by m of 
rotary pumps. For convenience in refilling the tanks, a pipe lj), 
has been run to the railroad siding where the tank ¢ar is ¢o). 
nected and drained into the storage tanks. If for any reap), 
it should be necessary to drain either or both of the tanks, jt ; 
possible for an operator to get under them and open the draiy 
plugs. One of the chief advantages for having the fuel oil sto; 
age tanks in the basement is that the temperature of the fuel oj] 
does not drop to freezing or below, as is sometimes the case whey 
the tanks are buried in the ground. 

A rotary air blower is provided for supplying the con. 
bustion air to the oil-fired furnaces. 


an an 


QUENCHING OIL SYSTEM 


The oil quenching system is of the continuous flow type. 
having a 3000-gallon storage tank. This tank, as stated before, 
is mounted on the lower floor. The quenching oil is maintained 
at a temperature of 110 to 120 degrees Fahr. This temperature 
is kept between these two points by means of a pipe cooling 


system. The oil is passed through pipes which are surrounded 
by a water jacket. The amount of oil which flows through the 
pipes and the temperature of the water jacket regulate the tem- 
perature of the oil. The speed of the oil pump is adjusted so 
that the proper temperature is maintained at all times. With an 
increase in the temperature of the water jacket, the rate of flow 
through the pipe is decreased. 

This plant is operated on a two-shift 24 hour basis and em- 
ploys a total of about 30 men. Approximately 300 steering, 
transmission and rear axle units are manufactured each day. 
These units are manufactured for use on the Chandler and Cleve- 
land automobiles. 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Published in 
Transactions Are Open to Comment and Criticism in This 
Column—Members Submitting Discussions Are Requested 
to give Their Names and Addresses 





ON HIGH POWER PHOTOMICROGRAPHY 


By CoLone. N. T. BELAIEw 


AY I be permitted to add a few comments on the question ) 
of high power photomicrography, which, of late, has been 
brought into the foreground by the work of F. F. Lucas? 
In my early researches on crystallization of steel and of the 
various components thereof I used in accordance with the estab- 


lished practice magnifications up to 1000 diameters. It was only 
in 1920, when having restarted some investigations on pearlite, : 
did I become convinced that, under circumstances, still higher i 


magnifications would be useful. 

In a paper on ‘‘The Inner Structure of the Pearlite Grain,’’ 
| advanced the view on the stereometry of the pearlite grain, 
which enabled me to calculate the actual distances 4, between 
the cementite lamelle and, consequently, the actual widths of such 
lamelle. 

As in usual pearlitic specimens the former are of the order 
of 300nn, the latter would be of about 100pp. 

As I am using a 2-millimeter Leitz oil-immersion apochro- 
matic lens of a numerical aperature of 1.32, and as the wave- 
length of light used is 450upy, the reciprocal of resolution ‘‘d’’ 
will be equal to 450up, divided by 1.32 X 2, or 170yp.2 Thus, 
lengths of about 100up, would be smaller than the resolving power 
and would appear as blurred lines of a width not less than 170pz. 

These theoretical considerations might be easily tested on 
suitably selected specimens of pearlite, and this was done on 
some of the specimens of slowly cooled steels, as explained in 
the paper just mentioned.* 


Mourn al, Iron and Steel Institute, 1922, No. I, Vol. 105, pp. 202-227. 
‘Loco Cit., p. 221. 


ee 


__"Loco Cit., pp. 220, 221. 


The author, Colonel N. T. Belaiew, is consulting metallurgist, 33 Elvaston 


Place, Queen’s Gate, London, England. 
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Comparing high power photomicrographs of alloys Nog, | 
(4, = 1.254) and 8 (350upz) on Figs. 10 and 26, it was found 
that the measured width of the cementite lamella of the allo, 
No. 8 was about 220un, whereas the calculated one, as previously 
mentioned, is only’ 100yp. On the other hand, the measurements 
effected on Fig. 26 (3000X) give for the alloy No. 1 —330,, 
which agrees well with the calculated limits of between 300,, 
to 400uy. This also explains why the ferrite lamelle of Fig, 9, 
seem wider than those of Fig. 10 (4500x). 

Thus, in actual practice with the optical system mentioned 
it is possible to get resolutions which are rather close to thos 
theoretically arrived at, i. e., in my case to about 200uu.  Investi. 
gators and laboratories equipped with better appliances could 
aim even at, say, 150-170yn. However, considerable skill will be re. 
quired for taking use of such opportunities, and I would like t 
take this opportunity to say how much indebted I feel to m 
colleague, Captain Brandt, for his assistance. 

In actual practice, taking photographs with the lens and the 
source of light mentioned, it has been observed that the best neg. 
atives are obtained at magnifications of about 1000. Thus, fo 
high power photomicrography this magnification was taken as 
the standard one for negatives. On reproduction it was, how 
ever, observed soon that details are lost and, at any rate, eye. 
sight has to be strained if the black lines are thinner than about 
14 millimeter; that brings us to 3000d. If we desire a network 
of thinner lines, it is better to stop at 2000; if, on the other hand, 
we are satisfied with thicker lines, 4000 may be used. All these 
magnifications were reproduced in the already mentioned paper, 
and in the latest one read‘ at the Royal Society in May, 1925. | 
think that for reproduction purposes I would be inclined now to 
consider the 3000 as giving the better results.® 

In this last mentioned paper the question of the ‘‘ferrite 
eubes’’ is treated at some length. I think that I can say that m) 
observations from 1921 till this year are in complete accordance 
with those of Lucas, and that the ‘‘cubes’’ are well within the 
range of observation. 


“Qn the Inner Crystalline Structure of Ferrite and Cementite in Pearlite.” P 
eeedings, Royal Society, A, Vol. 108, 1925, pp. 295-306. 


SLoco Cit., Plate 10, Fig. 1. 
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NOTES FROM U. 8S. BUREAU OF MINES 


CEMENTATION OF COPPER BY SPONGE IRON 


,PONGE iron has many advantages over scrap iron as a precipitant for 
S eopper. The Bureau of Mines, Department of Commerce, has completed an 
investigation covering the rate of precipitation, grade of product obtainable, 
completeness of precipitation and effects of temperature and acidity, using 
various sponge iron products under different conditions. It was found that 
sponge iron precipitates copper much more rapidly than does scrap iron or de- 
tinned eerap. On account of the fine state of subdivision of the sponge 
iron, the precipitation must be carried out in apparatus designed for that 
purpose. These facts, brought out in the earlier tests, have been confirmed 
hy a series of tests just completed. 


PRODUCTION OF STEEL BY DIRECT PROCESSES 

The Bureau of Mines, Department of Commerce, has for some time been 
working on the problem of sponge iron production by several promising 
methods. This work, which was being conducted at the North-West Experi- 
ment Station, Seattle, Washington, was, at the beginning of the present fiscal 
year, transferred to the North-Central Experiment Station, Minneapolis, Minn. 
in the laboratories of the Minneapolis station work has been conducted during 
the past year on the factors affecting the time rate of iron ore reduction. 
The results of these experiments are applicable to the sponge iron investiga- 
tion and will therefore be continued, giving the station a means of inter- 
preting scientifically the results obtained in the sponge iron experiments. 

A number of other investigations on the metallization of iron ore and on 
the production of sponge iron are being carried on. Thought has been given 
te outlining the future work of the Bureau of Mines along these lines in 
sich a manner that it may best fit in with the problem of production of steel 
by direct process considered as a whole. Attention has also been given to the 
best methods of utilizing the products from the metallizing process and to 
the economies of these processes with respect to the utilization of low grade 
iron ore, 


BARIUM POLYSULPHIDE AS A SULPHIDIZING REAGENT 


The results of a study of the possibilities of barium polysulphide in 
sulphidizing oxidized ores for flotation are given in Serial 2698, recently 
issued by the Bureau of Mines, Department of Commerce. The sulphidizing 
filming of minerals in oxide ores as a preliminary treatment to aid their re- 
covery by flotation is known practice, state Edmund 8S. Leaver, metallurgist, 
and Horace M. Lawrence, associate metallurgist, the authors. In this work the 
use Of barium polysulphide does not appear to have been considered. A study 
of the properties of barium led to comparative investigation of the sulphides 
and polysulphides of the alkaline and alkaline-earth metals. For the in- 
vestigation two fairly typical oxidized ores of copper and lead were selected. 

From the results of the Bureau of Mines investigation it would appear 
(‘at barium polysulphide has possibilities as a sulphidizing reagent. On the 
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copper ore the extraction and grade of concentrates were about as go: 
obtained from any of the sulphidizing reagents used. On the lead 
ever, barium polysulphide did not give as high an extraction as wa; 
with a combination of sodium sulphide and polysulphide, or a sodium 
paraffin mixture. Barium polysulphide prepared by either of two 
seemed to have about the same sulphidizing effect. In districts 

posits of barite occur, barium polysulphide might be prepared ch; 
prove to be a satisfactory sulphidizing reagent. 

Of other sulphidizing reagents considered in this investigati 
sulphide and sodium polysulphide, either separately or as a co: 
gave the best results. Calcium polysulphide used alone did not yield 
results as had been expected, as it has been somewhat favored in th. 
investigators, partly because of its comparative cheapness. Sodium su! 
and calcium polysulphide as a combination proved to be satisfactor) 
copper ore, and at least one of the companies treating oxidized co 
uses this combination successfully. Potassium and ammonium polysu! 
too expensive for commercial practice, particularly as at least equal 
amounts of these reagents are needed than is required with the chea; 
dizing reagents. In no case in the amounts used did hydrogen sulphid 
to be as satisfactory a sulphidizing reagent as some of the others. 
only the amount of gas actually absorbed in water was determined, 1 
amount of hydrogen sulphide gas generated was much higher. 


Nror 


A lsc 


REVOLVING SCREENS FOR MINE USE 


Of the four main classes of screens the class that has received most atte: 
tion is called a revolving or roller screen at coal tipples and a tromme! o 
drum screen in ore-dressing plants. Such screens are common equipment at 
ore mills where perfect screening is more important than speed, and wh 
wet screening is usual for the sizes ranging from 15 to 2 mm. Revolvi 
screens are so likely to break friable coal, however, that they are not favored 
for coal sizing and are not being installed in new plants. For coal sizing the 
usually take a dry feed, unless used in a washery. A revolving screen in its 
simplest form is a cylindrical frame with an envelope of wire screen cloth, 
perforated plate, or even bars, and with its longitudinal axis set at 
angle. The screen receives material at the upper end, discharging tli 
size at the lower end; it revolves slowly, and carries the particles of mat 
up the rising side until gravity overcomes both their friction agai 
screening surface and any centrifugal force given them by rotation. 
particle rolls or slides down until it comes to rest and then is carried up 
slope again. Detailed descriptions of various types of revolving screens ar 
giveh in Bulletin 234, recently issued by the Bureau of Mines, Departmen! 
of Commerce. 


TYPES OF FLOTATION REAGENTS 


The reagents employed in flotation work are of two types, one being know! 
as ‘‘ Flotation controlling’’ agents, and the other, as ‘‘flotation’’ agents, states 
the Bureau of Mines, Department of Commerce, in Serial 2700, just issued 
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“Plotation econtrolling’’ agents are those substances or chemicals of the 


inorganic class, that are added to the ground ore-water pulp to add vigor to 
ae fi tibility of a particular mineral, or to decrease the floatibility of a 
particular mineral. 

' «}Jotation’’? agents are those substances, invariably of organic nature, 
that cover the mineral particles with a film that permits them to be caught by 
the bubbles injected into the pulp. Another property of such substances is tc 
lower the surface tension of the water, thus permitting the formation of small 
bubbles and a froth. 

Generally speaking, the controlling agents should be and are added to 
the pulp at some point in the mill prior to the addition of the oils. Some- 
times chemicals, such as lime, are added to the ore as it is dumped into the 
mill feed bins, but as a rule the controlling agents are added to the fine grind- 
ing ball mills. The oils, if they are heavy and difficult to incorporate, may 
be added with the controlling agents to the same grinding mill. This would 
not seem to be good practice, but it is often done. Again, in many plants 
the reagents are mixed with the ore pulp in separate agitators. 

The time of reaction required for controlling agents to impart the desired 


hange in surface properties to the respective minerals present, depends upon 
the ore being treated and the controlling agent found suitable for its treat- 
ment. With most reagents, and most products, a ‘‘conditioning’’ period of one 

five minutes generally is sufficient. In the treatment of a collective float 
encentrate of two minerals, A and B, to be separated into A and B concen- 
trates, where, say, A is to be floated and B is to be suppressed; a conditioning 
period of several minutes to a half hour may be necessary. 

Where sodium or potassium xanthate is the reagent, it is fed direct into 
the first cell of the flotation machine and a conditioning period of any con- 
sequence does not seem to be required. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


IMPROVEMENTS IN AUTOMOTIVE STEELS. By W. G. Hildorg. 
metallurgist, Reo Motor Car Co., Lansing, Mich., in Iron Age, November, 19 
1925, page 1378, and November 26, 1925, page 1448. 

This paper was presented at the fall meeting of the American (ea; 
Manufacturing Association at West Baden Ind., October 1 to 3. In the firs: 
part of the article the author discusses the difficulties due to seams and dirt 
steel, ‘‘normal’’ and ‘‘abnormal’’ steels, and the effect of heat treatment 
In the second part he discusses the subjects of determining fatigue values by 
fractures, variations in grain size, and the fact that fine-grained steels ar 
better. He maintains that it should be possible to obtain a more uniform y 
dense structure, that there should be more improvements made in the clean 
liness of steel, and that, as ‘‘abnormal’’ steel is more prone to give soft spots 
than ‘‘normal’’ steel, ‘‘abnormal’’ steels ought to be eliminated. He als 
states that since grain size varies greatly from heat to heat, considerable work 
needs to be done along this line. Illustrations are given to bring out t 
various points discussed. 

MOLYBDENUM—AS AN ALLOY OF STEEL. By R. C. Rowe, mir 
ing engineer, Quebec, in Canadian Machinery, November 26, 1925, page 13. 

In this article the author discusses nickel-chromium-molybdenum steels 
which, although only recently developed, have become definitely established 
among the other industrial alloys. The metal molybdenum, so far as is 
known, does not occur in the native state, but is obtained mainly from tli 
disulphide, molybdenite. Prior to 1914 the main sources of supply wer 
Australia©and Norway, but since then the United States and Canada hav 
become heavy producers. The main deposits in Canada oceur in Ontario ani 
Quebec. 

Two methods of reducing to metal are given. The one mainly used being 
the alumni-thermie process, the other, the electric fusion process. A furthe! 
method is in electric furnaces with iron. Pure molybdenum is silvery white, 
malleable, and will not scratch glass. Its specific gravity is about 10, and 
its melting point about 2500 degrees Cent. The metal is used for electrical 
contacts, filament supporters in electrical lamps, for winding the heating 
coils in resistance furnaces, and in the chemical industries; its main use, 
however, is in the manufacture of alloy steels—alone, or with chromium, mal 
ganese, nickel, cobalt, tungsten, and vanadium. In 1904 J. M. Gledhill found 
that the addition of a small amount of molybdenum to an ordinary tungsten 
high-speed ‘tool steel increased its cutting qualities. However, the use 0! 
molybdenum was not much favored until tests were made which showed that, 
where conditions called for hardening, the addition of molybdenum up to tw? 
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ner cent was beneficial; but that increases over this figure were detrimental. 
The action of molybdenum was found to be similar to that of tungsten, but 
the former is more active than the latter, and only about one third is neces- 
sary to obtain the same result. The method of manufacturing molybdenum 
steels is by the crucible process, but they can be made in the electric furnace. 
The molybdenum is usually added either as the powder, or as ferromolyb- 
jenum. Some of the alloys are chromium-molybdenum, tungsten, and _ nickel- 
molybdenum. These now have a wide range of uses: structural steel, motor 
ear frames, crankshafts, propellor shafts, high-speed tools, ete. 

RESEARCH IN METAL CUTTING. By O. W. Boston, professor of 
shop practice and director of the department of engineering shops, Univer- 
sity of Michigan, in American Machinist, November 19, 1925, page 805. 

The author maintains that in this research the aim should be the dis 
covery of fundamental facts, rather than an investigation dealing only with 
practical results. He states that during the last two years an investigation 
ais been conducted in the machine tool laboratory of the University 01 
\ichigan on elementary principles involved in the cutting of metals, a work 
proposed by the Manufacturing Methods Committee of the Michigan Manu- 
facturers’ Association and supported financially by the industries of the state. 
The problems undertaken were, to determine: the influence of the degree of 
sharpness Of the tool on the energy required to remove a given volume of 
metal, the influence of the clearance back of the cutting edge of the tool, on 
the energy required to remove a given volume of metal, the influence of the 
front rake of the tool on the energy required to remove a given volume of 
metal, the influence of side rake (skew) on the energy required to remove 
1 given volume of metal, the influence of the depth of cut or width of cut, 
nm the energy required to remove a given volume of metal. There are illustra- 
tions of the tools used for the various investigations, and of a dynamo- 
meter mounted on a Liberty planer. The experiments have been concluded, 
and the data are being summarized and interpreted in the form of a final 
report. 

MAKING MACHINE-TOOLS SAFE. By R. F. Thalner, safety director, 
suick Motor Co., Flint, Mich., in Jowrnal of the Society of Automotive En- 
gineers, November, 1925, page 479. 

The author outlines previous and present practice in the prevention of 
accidents, states the governing factors of accident-prevention progress and 
suggests possibilities of improvement of methods and the means for apply- 
ing them, referring specifically to machine tools. He maintains that fore- 
thought exercised in the design of tools to make them safe as well as suited 
to the work is the best method, and redesign is practised when hazards become 
apparent after a tool is put into operation. If redesigning a tool does not 
make it safe to operate, the next best method is to guard it. The following 
rules governing the safe operation of tools are given: Men who operate ver- 
tical drilling-machines should never wear gloves or long sleeves. Milling-cut- 
ter chips shoud be brushed aside only with a brush or with a stick. Belts and 
gears ought always to be covered to prevent the entanglement of workmen. 

hips and long shavings from lathe tools can be largely eliminated by proper 
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grinding of the tool, and flying particles from high-speed brass-turn 
tions can be controlled safely by sheet-metal guards. Emphasis is « 
the statements that most accidents are caused, they do not simply ‘ 

and that tools which cause accidents can be made safe. Illustrations 
showing some of the dangers and the methods of guarding against t! 

CHARGES CUPOLAS MECHANICALLY. By William G. 
strom, in Foundry, November 15, 1925, page 909. 

In this article the author shows how a mechanical charging e juipment 
recently installed at the Radford, Va., works of the Lynchburg Foundry (o. 
Lynchburg, Va., has removed all manual labor on the charging floor, ith the 
exception of the crane operator, thus effecting a monetary saving in addi. 
tion to obliterating one of the hardest tasks in the foundry. Metal is melted 
in four 96-inch diameter shell cupolas lined with 8-inch deep cupola block 
and back bricks from the bottom up to within 30 inches of the charging door, 
The cupolas are served by two positive blowers, and are used in pairs oy 
alternate days, one pair being in operation while the other is being made 
ready for the following day. The charging device is an overhead crane of 
30 feet span, traveling lengthways of the building on runways fastened to 
the columns of the steel structure. The crane makes 20 trips per hour, or one 
trip every third minute, to keep the charges at the proper level in the cupolas 

CLEANING CASTINGS HYDRAULICALLY PROVES ECONOMICAL. 
By E. C. Barringer, in Iron Trade Review, November 19, 1925, page 1267. 

In this article the author compares the old method of cleaning castings 
with the method of cleaning them by hydraulic pressure. Castings are poured, 
are swung by a traveling crane into a concrete chamber and deposited on a 
turntable. A workman pushes a button and a three-section telescopic roof 
closes. Another button, and the doors at one end swing shut. A third button, 
and a 6-stage centrifugal pump unlimbers. A stream of 425 pounds pressur 
surges through a nozzle balanced so well that one man directs it. In an in 
credibly short time the casting is entirely cleaned. The savings in time an 
labor is great, two men doing the work of sixty in the old method. Dust 
and dirt have been eliminated to such an extent that the cleaning end of the 
main foundry building is the least dusty and most orderly portion. (astings 
are routed through so expeditiously there is no accumulation. There are 
illustrations giving plans and views of the machinery used. After six months 
of actual operation at the Allis-Chalmers Mfg. Co., Milwaukee, this method 
is declared to be a complete success. 

BAD CASTINGS AND FURNACE SCRAP. By H. H. Hopkins, in 
Iron Age, November 5, 1925, page 1252. 

The fact that a number of merchant furnaces use scrap in their mixture 
and try to conceal this practice from the trade brings up the question whether 
the use of pig iron, made partly with scrap, results in defective castings. Some 
practical results are noted and some errors in reasoning pointed out in this 
article. It can be proved that defective castings were made before anyone 
had thought of using scrap, and that companies which use scrap in their 
castings have no complaints that could be attributed to the use of scrap. Evils 
attributed to the use of scrap are, therefore, probably overrated. 
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ELECTRIC FURNACE STEEL 


(Discussion Continued from Page 781) 


0 conceive that water vapor, possibly from moisture on the serap, could 
exist even long enough to be dissociated by the are. Of course there is air 
present in the furnace when melting is started. Melting generally takes 
vlace gradually, from the bottom upwards. In this case it is also hard to 
sonceive how nitrogen could be taken up by the metal. After the slag is 
formed it should protect the metal effectually from the action of air. In addi- 
tion there is ordinarily a gas pressure in the furnace which prevents any air 
‘om entering except when the doors are open wide. The possibility of 
nitrogen and hydrogen being present is an interesting one and will bear further 
investigating. 

Mr. MeKnight mentions an instance of blowy steel resulting from melting 
high silicon erop-ends and mill scrap under a deoxidizing slag. It has,been the 
writer ’s experience that in melting without oxidation (the so-called white slag 
melt down) the silicon is almost completely oxidized and removed permanently 
from the bath. There is always some rust and scale on the scrap and as silicon 
s the first element to be oxidized it is practically impossible to prevent it 
from being at least partially removed. In checking over the log sheets of a 
nmber of heats melted without oxidation and on which complete analysis 
records were available, the silicon content immediately after melting was less 
than 0.050 per cent in every case, even though the average percentage in the 
scrap Was 0.250 per cent. Until reading Mr. McKnight’s statement the writer 
has considered it almost an impossibility to melt down high in silicon, although 
in the case of steel containing up to 1.00 per cent silicon, with which the writer 
has had limited experience, we see how it could be possible. The experience of 
Mr. McKnight in melting high silicon steels lends proof to the theory that 
silicon affects the solubility of gas. 

In the paper on electric steel the so-called final deoxidizers were not dis- 
cussed. In general, the use of aluminum and other final deoxidizers is not 
looked upon with favor in electric steel melting. The reason for this is found 
in its efficieney as a deoxidizer and degasifier. This statement may seem para- 
joxical and in one sense it is, but as soon as the furnaceman discovers that a 
few sticks of aluminum will quiet the wildest heat, making it pour beautifully, 
he is at Once inclined to become careless in working his heat because he knows 
he can cover up his bad furnace practice by using aluminum at the end. This 
will continue until the steel becomes inherently poor and badly contaminated 
with inclusions of alumina. A little aluminum used judiciously is an excellent 
thing, but it is almost an impossibility in the average shop to be sure that it 
is used judiciously; hence its use is often forbidden. 
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Reviews of Recent Patents 
B 
NELSON LITTELL, Patent Attorney 


110 E. 42nd St., New York City 
Member of A. S. S. T. 


1,553,758, Core for Steel Castings, Carl Fr. Eckert, of Saarbruck, Ger 


many, assignor to Eckert, Oppelt & Cie, Gesellschaft mit beschrinkte, 
Haftung, of Saarbruck, Germany, a firm. 


This patent relates to a core for steel and other 


castings, which ¢ 
prises an outer layer 


or perhaps an entire core formed of 
nitride, together with the customary binding 
tar, and the like. 
a core material, 


om 
aluminum 
agents, such as molasses 
Owing to its high refractoriness, aluminum-nitrid 

does not burn to the casting, and after the 
of the binding material, does not cake so that it 
from the casting and no difficult cleaning 


» burning out 
can be easily remove 
of the casting is necessary, 


1,554,241, Plant for Treating Metal Articles, David L. Summey, 
Waterbury, Connecticut, assignor to Scovill Manufacturing Company, of 
Waterbury, Connecticut, a corporation of Connecticut. 


This patent describes a plant for automatically 
articles of various kinds, more particularly for 
shells or cups. 


heat treating meta 
treating drawn brass 


heating 


The apparatus comprises a furnace 12 having an upper 
ber 13 and a lower return chamber 14. A_ bueket 
through the chambers 13 and 14 and over 


ehain 18 
the hexagonal pulleys 


24 at each end of the chamber. At one end of the furnace a charg 


hood 15 is provided, into which the articles to be treated are received 
from the hopper 47 and deposited in the buckets 18, which travel through 
the upper heated chamber 13 at a predetermined speed in order to effect 
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the desired heat treatment. At the opposite end of the furnace chamber 
is a discharging hood 115 from which the articles in the buckets 18 are 
dropped into a quenching liquid in the tank 85. From the tank 85 a 
helt conveyor 87 conveys the quenched articles into a rotating drum, in 
which they are automatically subjected to the action of a pickling liq- 
yor, a washing liquor, a soda solution and a soap solution, and then dis- 
charged from the treating apparatus. 


1,555,798, Metal Pickling, James H. Gravell, of Elkins Park, Penn- 
sylvania. 


This patent describes a material for neutralizing the acids used in 
the pickling of steel and iron, comprising sodium silicate, one gallon, to 
seven gallons of water. The sodium silicate solution is used in place of 
the ordinary lime water to neutralize the acid, and forms on'the iron 
insoluble silicates which do not rust, and also forms a coating which pro- 
tects the metal against rusting influences. If desired, a particular color 
may be applied to the solution by using suitable pigments for that 
purpose. 


1,555,400, Heat Treating of Metal, John E. Burns, of Indianapolis, 
Indiana. 


This patent describes a fused salt bath for use as a heating bath in 
heat treating metals or the like. 

The preferred mixture comprises 75 per cent of sodium nitrate and 
25 per cent of potassium nitrate. This mixture can be maintained in 
, molten state from 400 degrees Fahr. to about 1000 degrees Fahr. The 
wide range of temperature permissible with the mixture, permits the 
various heating effects to be secured, and any salt adhering to the metal 
s quickly removed in the quenching operation. 
\ 
1,556,347, Carburizing Material, George W. Pressell, of Philadelphia, 
Pennsylvania, assignor.to E. F. Houghton & Company, of Philadelphia, 
Pennsylvania, a corporation of Pennsylvania. 


This patent describes a carburizing material of high carburizing 
value, which may be used as an energizer for inert substances as an 
accelerator for intensifying the actions of materials which, in themselves, 
possess case hardening properties. 

"he new material is formed by treating 42 parts and iron oxide con- 
taming iron equivalent to 2 per cent of the charge of sodium carbonate, 
6 parts of coke at approximately red heat, with nitrogen, forming a 
mixture comprising sodium cyanide, sodium carbonate, sodium ferro- 
cyanide, sodium silicate, iron and alumina, calcium carbonate, carbon, and 
moisture. This material is in granular form and retains its granular form 
when used for carburizing purposes. As an energizer for inert or par- 
tially active materials, it may be applied by merely blending the material 
with the inert packing material. The carburizing composition has a long 
life, and in some instances appears to regenerate its activating properties. 
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News of the Chapters 


STANDING OF THE CHAPTERS 


[* the November issue of TRANSACTIONS appeared the relative men 
standing of the 29 chapters of the Society as of September 1, 1925 
vf October 1, 1925. The tabulation which appears below shows the 
membership standing of the chapters on October 1, 1925, and Novem! 
1925. 


Standing as of November 1, 1925 


GROUP I GROUP II GROUP IT] 
. Detroit (388) . Hartford (123) . Tri City (65 
2. Cleveland (373) 2. Lehigh Valley (107) 2. Rochester (59° 
. Pittsburgh (307) 3. Golden Gate (93) 3. Los Angeles 
. Chicago (276) . Syracuse (80) . New Haven (5 
. Philadelphia (256) 5. Milwaukee (80) . Worcester (5 
. Boston (223) . Cincinnati (75) . Schenectady 
7. New York (220) . St. Louis . Washington (50) 
. Indianapolis . Rockford (48 
. Buffalo . Toronto 
. North West . Providence 
. Springfield 
2. South Bend 


1 
A 


Standing as of October 1, 1925 


GROUP I GROUP II GROUP III 


. Detroit (380) . Hartford (123) 1. Tri City (66) 
. Cleveland (360). . Lehigh Valley (104) 
. Pittsburgh (301) 3. Golden Gate (94) 

. Chicago (267) . Syracuse (80) 

. Philadelphia (252) . Cincinnati (76) . Schenectady 


2. Rochester (60 
3 
4 
5 
+ Boston (219) - Milwaukee (75) 6. Washington (49) 
7 
8 
9 


. Los Angeles (59 
. New Haven (54) 


Nar WwW Do 


. New York (212) . St. Louis (63) 
. Indianapolis . Rockford 

. Buffalo . Providence 
. North West 10. Toronto 

11. Springfield 

12. South Bend 


. Worcester (48 


On date of November 1, 1925, there were in the society 3,516 members ané 
last month there were 3,452, a net gain of 64 members for the month. There 
was a loss of 16, dropped for non-payment of dues and 16 resignations, making 
4 total loss of 32. Ninety-six new applications were received during the month. 
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The chapters showing the most new members were Cleveland 16, Detroit 10, 
Boston 9, Chicago 8, Milwaukee 7 and New York, Pittsburgh and Rockford: 
with 6 each, 

Group I—Detroit still leads this group with 15 members more than Cleve- 
iand. A number of applications were received for billing which will make a 
noticeable increase in the number of members in Group I. 

[t is interesting to note, however, that every chapter in this group showed 
an increase in membership for the month. 

Group II—A noticeable change in this group is the advance of Milwaukee 
from 6th place in the previous report to the 5th place in this report with a 
cad of 5 members over Cincinnati and tying with Syracuse for 4th place. It 
will be well, however, for chapters 1, 2 and 3 in this group to observe Syra- 
ense for the next two or three months. 

Group I1I—The noticeable change in Group III is the advance of Wor- 
cester from 7th place to 5th, passing both Schenectady and Washington who are 
tied with 50 members each. Practically all of the chapters in the third group 
have membership campaigns well planned and it will be interesting to note 
the progress from now on. 

There has been a net gain of 156 new members in the two months since 
the close of the membership year, August 31, 1925. 


BOSTON CHAPTER 


On Friday, November 6, 1925, about one hundred members and guests 
of the Boston Chapter gathered at the Walker Memorial, of Massachusetts 
Institute of Teehnology to hear a talk by Henry J. Voltmann, of the W. S. 
Rockwell Company, New York,—who selected as his subject ‘‘Heat Appli- 
cation and Furnaces in General.’’ 

Mr. Voltmann gave a complete talk on the design and operation of heat 
treating furnaces and showed a large number of illustrations of furnace in- 
stallations with which he was familiar. He described several types, including 
stationary, car type, semi and wholly automatic furnaces, giving in detail the 
‘lass of work to which each type was best adapted. 

After the half hour’s discussion which followed Mr. Voltmann’s talk, 
J, L. Faden, of the Boston Chapter, told of his recent trip to the River Rouge 
Plant of the Ford Motor Company, during which he had the opportunity of 
seeing the extensive electrical heat treating and the experimental electric 
forging installations of that company. 

Prior to the meeting, dinner was served in the grill room of the Walker 
Memorial to sixty-seven members of the Chapter. The meeting was presided 
over by the chairman, Jesse M. Darke, and the program of the evening was 
under the general direction of H. B. Briggs, of the Program Committee. 

The Chapter is looking forward to the December meeting when Dr. Albert 
Sauveur, Professor of Metallurgy at Harvard University, and an honorary 
member of the American Society for Steel Treating, will give a non-technical 
talk on the ‘* Directional Properties of Steel.’’ Dr. Sauveur will discuss the 
advantage of physical properties of steel in transverse and longitudinal direc- 
tions and the reasons for this effect. His talk, which will be illustrated, will 


' 
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be of equal interest to the practical heat treater and to those especial! 


inter 
ested in metallography, 


As usual, an informal dinner will precede the meeting. 


BUFFALO CHAPTER 

The October meeting of the Buffalo Chapter was held on the 22nd, ay, 
was called to order at 8:15 p. m. by Chairman, Mr. Armstrong, who introdyeo, 
W. 8. Bidle, president of the Society. 

Mr. Bidle gave a short history of the Society and what the Winter Sp 
tional Meeting would mean to Buffalo. 

Mr. Bidle also gave a talk on experiences in heat treating, which experi 
ences were gained through practice and traveling. A number of different heat 
treating plants were described. 

Interesting discussions followed. About fifty-five members and 
attended the meeting. 

At 6:30 the Executive Committee had dinner with Mr. Bidle. 


ouests 


CHICAGO CHAPTER 


One of the most successful meetings for some time, both from the point 
of attendance and program, was that of the Thanksgiving Season held Thurs 
day, November 12, at the City Club. 

Around hundred sat down to dinner at 6:15 o’clock and by the time M 
Nelson, associated with Hart, Shaffner, and Marx, began his extremely interest 
ing histology of cloths and clothes, probably 150 men filled the dining roon 
and overflowed into the balcony on the east. This coffee talk was just another 
example of what there is to be known and admired and emulated of professions 
and industries entirely extraneous to iron and steel, the industry in this cas 
ranking seventh among the great industries of the United States and being 
one that is vital to every one who must clothe his person either for protection 
or ornamentation. 

You would have marveled at the origin of cloth patterns, some of whic! 
are copied from old Peruvian pottery, and others reproduced from fragments 
of antique blankets loaned the manufacturers by museums. You would hav 
taken pleasure in following the sine curve of the evolution of clothes always 
alternating between the two extreme demands, protection and ornamentation, 
and finally coming down to present day clothes which Mr. Nelson tells us are 
swinging strongly toward the extreme of ornamentation. Then there was th 
matter of who sets the styles, the place of the artist in tailoring, the psychology 
of advertising, and the growth of the business from the old hand-me-down 
trade, which recorded business failures up to 94 per cent, to the present da) 
scientifically manufactured custom built clothes. When he was all throug! 
one wondered that one knew so little of such a vital thing as the clothes w 
have to wear every day. 

We find these short coffee talks help a great deal in clearing the atmos 
phere and freshening the minds of the members so that the speaker of th 
evening to follow is not handicapped from the beginning by a stale audience 
It tends to make the listener more alert and sympathetic instead of being 4s 
usual more or less hypereritical when steel is the topic. 
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At any rate J. M. Watson, metallurgical engineer of the Hupp Motor Car 
Corporation, Detroit, found an extremely attentive audience when he came to 
ra]k on the Heat Treatment of Automobile Parts. His lecture was given in 
eonnection with several reels of motion pictures prepared by the Bureau of 
\fines in cooperation with the Hupp Motor Car Corporation, illustrating the 
yeat treating processes as carried out by that corporation under the direction 
of Mr. Watson. In filming these processes of heat treatment as applied to 
automobile parts, attention was directed to the matter of automatic furnace 
control and operation, automatic quenching, study of microstructure as a guide 
{¢ proper operation, the necessity of normalization to obtain uniform results 
in production work, and the matter of careful inspection of all high duty 
parts. The explanatory remarks coming from Mr. Watson himself made the 
film doubly instructive. Immediately after Mr. Watson had finished, the meet- 
ing was thrown open to discussion and the speaker was called upon to go more 
into detail regarding operations and experiences. 

Being introduced by the chairman as a man who, even if he had'no metal- 
lyrgy to give his company, would be invaluable to them merely by reason of his 
personality, Mr. Watson more than bore out such a regard and the chapter is 
ieeply grateful to him. 

It might be added here that Mr. Watson brought with him sincere con- 
yratulations both from the Detroit Chapter and himself, personally, on the 
yecasion of A. G. Henry being made a Founder Member of the Society and 
k. G. Guthrie being nominated a member of the Board of Directors. 

J. A.C. 
CINCINNATI CHAPTER 


Meeting: Thursday, November 12, Ohio Mechanics Institute. 

Subject: Die Castings—Sam Tour, Doehler Die Castings Co., Batavia, 
a. 

No report of this meeting received. 


CLEVELAND CHAPTER 


E, C. Bain of the Union Carbide and Carbon Research Laboratories, Long 
island City, N. Y., was the speaker at the November meeting of Cleveland 
Chapter, held at the rooms of the Cleveland Engineering Society, Hotel 
Winton, on Friday evening, November 20. 

With the aid of a number of excellent lantern slides, Mr. Bain explained 
the method of erystal analysis by the diffraction of X-rays. Giving first an 
exposition of the elementary principles involved, he showed how the X-rays 
ire produced, and how they are employed to make a permanent record of the 
itomie structure of a crystalline substance. 

Since the discovery of Von Laue that a crystal may be used as a natural 
diffraction grating for X-rays, other research workers have developed this idea 
into methods for measuring the distances between the different layers of atoms 
in the crystal, and for determining the arrangement of the atoms. 

The experimental method of Hull, and the application of this X-ray 
crystal analysis to the study of metallic alloys, especially steel, were described 
and illustrated by diagrams. A detailed explanation was given to show how 
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the various crystal forms, such as ‘‘ face-centered cubic,’’ 
cvbie,’’ ete., could be distinguished. 

Photographs of the apparatus used in making the films were 
a number of typical photographic records of iron-carbon alloys wer. 

In concluding, Mr. Bain discussed one of the most recent app 
this X-ray work, the identification of austenite and martensite in 
steel subjected to certain heat treatments. 

Mr. Bain, as is well known, has done advanced work in this fie 
lecture was of unusual interest. He handled his somewhat difficult s 
way that held its audience attentive for more than an hour. 

A number of steel treaters were present at the dinner which pr. 
meeting. ae. 2 

DETROIT CHAPTER 


The Detroit Chapter of the American Society for Steel Treating 
regular monthly meeting, November 16, at the General Motors Buil 
usual dinner at 6:30 p. m. preceded the meeting. 

This month our coffee talk was given by the Michigan Bell 
Company. Their program consisted of a demonstration, by means ot 
ture switch-board, of how a telephone call is made, using a manual p! 
machine switching type was also explained, step by step. The metho 
necting a manual to a machine switching telephone and vice versa, w 
As a conclusion a little comedy was put on illustrating how telep! 
used and then how the company would like them used. 

The talk of the evening was given by M. A. Grossmann on ‘‘ Pr 
in the Manufacture of Alloy Steel.’’ Mr. Grossmann started wit 
materials, as steel scrap, explaining effect of size of pieces on resultant | 
The smaller the pieces the greater the amount of oxides introduced 
bath and hence the greater chance for blow holes, gases other than « 
wild steel. 

Commenting on crucible practice, Mr. Grossmann informed us | 
carbon content from crucible to crucible might vary from 0.50 to 
cent due to graphite from the crucible supplying carbon. Due to this f 
is American practice to pour several crucibles into one ladle, and then int 
ingots. This procedure, of course, exposes the steel twice to the effects of 
the oxygen of the air while molten. 

After showing several slides of the processes, Mr. Grossman 
molds and surface imperfections resulting from molds. These are mitigated 
some extent by mold coatings. 

The subject of pipes and segregations was touched on in general. 
tse of hot tops and different types of hot tops were illustrated. 

Ingot cracks were discussed in some detail. The usual causes ar 

(1) Steel pressure in mold. 

(2) Hanger cracks, caused by steel overflow on top of mold solidifying 
and failing to support ingot. 

(3) Internal shrinkage cracks. 

Practical methods to overcome these were mentioned. 

After the steel has been stripped of the mold, illustrations were shown 0% 
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Cracks caused by excessive work in the mill were described. The 
removing of eracks by chipping and grinding was considered and then the 
gnal annealing of tool steels before leaving mill was shown. 

Atter the paper, Mr. Grossmann was questioned by a number of mem- 
hers, Great interest being developed in normal and abnormal steels. 

\ir. Grossmann’s paper will be published in TRANSACTIONS. 


ER. P. Zimmerli. 
GOLDEN GATE CHAPTER ees 


rolling mills. 


The November meeting of the Golden Gate Chapter was a most successful 
fair. It was held November 11 at the Whitecotton Hotel, Berkeley, there 
being forty-nine present for dinner and a total of seventy at the meeting fol- 
jowing. 
In the absence of the chairman, Frank B. Blake, Fred L. Wight, of the 
Executive Committee, presided. 
early, at 7:40 p. m, 

The roll call was followed .by the report of C. 8. Moody, chairman of the 
ommittee in charge of the course on metallurgy. 


The meeting was called to order unusually 


He gave a description of the 
plans for a nineteen week course, consisting as much as possible of actual shop 
and laboratory work in heat treating and metallography, and said that a 
printed announcement would soon be mailed to all members. 

‘The secretary then made his report, announcing that through the courtesy 
f the Interstate Iron & Steel Company of Chicago, a supply had been received 
of their valuable Alloy Steel Handbook, edition of 1925, sufficient to furnish 
ne for each member, and that they would shortly be placed in the mail. 

Mr. Garlinger and Mr. Coulter of the Membership Committee made some 
remarks on the work they had been doing and on the general benefits obtained 
by membership, both educational and otherwise. 

The chairman then called on the first speaker of the evening, A. N. 
Armitage, metallurgist, Columbia Steel Corporation, who presented a carefully 
thought out paper on annealing, with particular reference to steel castings and 
Mr. Armitage’s wide experience enabled him to amplify his talk 
vith a number of concrete examples of procedure, as well as microscopic photo- 
graphs of samples. The talk was followed by a spirited discussion. 

The chairman then introduced the speaker of the evening, J. H. Wilson, © 
general manager of the Pacific Sheet Steel Corporation. With the general 
subject of ‘*Annealing,’’ Mr. Wilson described in detail the subject of 
handling of sheets of the several best known varieties. Beginning with the 
general definitions, he passed into a brief description of the method of manu- 
facture of sheet steel, and finally to the subjects of annealing and normalizing, 
with particular reference to the box anneal. Mr. Wilson then described the 
various types of sheet manufacture and the problems met with in the work. 
He also deseribed the process of annealing in continuous furnaces, the manu- 
facture of strip steel, ete. He closed with the presentation of a number of 


forgings. 


photomicrographs of various samples taken at different periods of manu- 
facture and with curves showing the relation of temperature between the inside 
and the outside of the box in annealing. 

The discussion that followed kept Mr. Wilson on his feet for nearly half 
an hour, answering questions and amplifying his previous words. 
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The success of the evening was indicated by the large numly 
who stood in groups discussing the remarks of the two speakers, f 
hour after the meeting was formally adjourned. D. Hanson 


HARTFORD CHAPTER 


The regular meeting of the Hartford Chapter was held Noveinber 9. 
1825, at the rooms of the Hartford Engineers’ Club, and had a large ittenq 
ance. The speaker of the evening was Hugh Rodman of the Rodman Chemie, 
Company, who chose as his subject ‘‘The Manufacture of Carburizing Con 
pounds.’’ The paper was divided into two parts, the first dealing with the 
materials entering into carburizing materials, particularly energizers, the secon 
dealing with the actual manufacture of the compounds. Mr. Rodman gay, 
a very interesting discussion of the properties of compounds using the various 
alkalies and alkali earths as energizers, showing how these properties varied j; 
accordance with the atomic weight of the energizer. He also gave proof that 
the carbon absorbed by the steel came from the carbonaceous material of t}, 
compound, and not from the alkali carbonate, so that the latter was acting 
simply as a catalyst. 

Mr. Rodman then gave a detailed description of the various processes 
entering into the manufacture of commercial carburizing compounds and ; 
discussion by several members followed. 

The Chapter was also fortunate in having present our National President 
W. 8S. Bidle and Secretary W. H. Eisenman, who were in Hartford making 
;reliminary arrangements for the spring sectional meeting, which will be held 
in Hartford the latter part of May, 1926. Both responded to short talks, and 


‘* Bill’? Eisenman gave some very instructive and timely remarks on ‘‘ Selling 
the Metallurgical Department’’ which were quite different from his previous 
talks. 


INDIANAPOLIS CHAPTER 


On Monday evening, November 9, more than one hundred members and 
guests visited the Y. M. C. A. auditorium to attend the second Fall meeting 
of the local chapter and to enjoy the good fellowship of men from the various 
industries. The customary chicken dinner was served thus placing all i) 
good humor for the address of the evening which was ably delivered by G. A 
Richardson, manager of the technical publicity department of the Bethlehem 
Steel Company. 

Mr. Richardson’s address which was illustrated in every detail by severa! 
reels of moving pictures served to give even the man who had never been in 4 
steel plant a wonderful idea of the gigantic industry which has been created 
by the ever-increasing demand for steel. Starting from the ore fields, the 
various processes were traced through to the finished product. Special stress 
was laid on the special machinery which is necessitated for producing steel 2! 
the least possible cost, consistent with quality. 

A short business session was held during which arrangements were madi 
to further broaden the activities of the chapter and to enable the members to 
obtain as much information as possible regarding the handling of steel 
Toward this end several committees were appointed by William Praed, chait 
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veut 


nan and the following men will serve as chairmen of the respective com- 


nittees: William Appel, library; C. B. Edwards, membership; W. R. Chapin, 
gram, and John Nelson, publicity. 

| Frank Thompson, purchasing agent of the Link Belt Company, gave a short 
mpromptu talk on economic conditions in the steel industry. Professor John 
Keller of Purdue University also gave a short talk on the ‘‘Why’’ of the 
dee] treater and cited the wonderful influence and development of The Ameri- 
an Society for Steel Treating. The meeting was well attended by members 
‘rom near-by towns and cities. C. H. Beach. 


LEHIGH VALLEY CHAPTER 


Meeting: Friday, November 27, Drown Hall, Lehigh University, Bethle- 
lem, Pa. 

Subject: Giant Power—Samuel 8S. Wyer and R. A. Philip. 

Meeting will be reported in next issue of TRANSACTIONS. 


LOS ANGELES CHAPTER 


The last regular meeting of the Los Angeles Chapter was held October 
7, 1925, in the banquet room of the Los Angeles Creamery Company, there 
being 50 members present. 

After a very enjoyable dinner and entertainment the meeting was then called 
order. James Borton, of the Jamison Steel Company, was the speaker of 
the evening, his subject being, ‘‘The Manufacture, Use and Types of Spring 
Steel,’’ and was given in a very entertaining manner. Many of the members 
elated experiences they had had in the handling of spring steel. 

Mr. Letellier, of the Union Drawn Steel Company, was then introduced 
aid spoke to the members on a subject which proved to be very interesting, 
the ‘Manufacture of Cold Drawn Steels.’’ Mr. Letellier answered in a very 
le manner many questions on the subject, and after a lively discussion the 
necting adjourned. E. C. Black. 

NEW HAVEN CHAPTER 


Meeting: Friday, November 20, Winchester Club House. 

Subject: Acetylene Welding—G. E. Harcke, chief instructor, Auco- 
lavis-Bourneville Welding Institute. Oxygen—The Wonder Worker, a four- 
eel film, presented. 

No report of this meeting received. 


NEW YORK CHAPTER 


The regular monthly meeting of the New York Chapter was held in the 
Woolworth Building, October 21. The speaker of the evening, J. H. Critchett 
ifthe Union Carbide and Carbon Corporation, presented an excellent address 
entitled, ‘The Manufacture of Ferro Alloys and their Applications.’’ The 
yeaker gave a historical outline of the process tracing its origin to the early 
4)’s when the demand for ferro alloys for use in Mushet steel, open hearth 
teel, and steel armament was satisfied by the carbide furnaceman. The 
jeaker ably deseribed the electric furnace which is the back-bone of the ferro 
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alloy industry and without which a large number of ferro alloys co 
economically produced. The two types of electric furnace smelting 
making high and low carbon ferro alloys were described, high carbon for 
alloys being made in a carbon-lined furnace using the submerged ¢\e¢ a 
type of smelting and low carbon alloys made in a magnesite lined fur 
open are type of smelting. The production of 50 per cent ferrosilicon ya 
described in detail as an example of submerged electrode type smelting. 
scrap is melted and a mixture of charcoal, coke and quartzite rock is ¢, 
around the electrode by machine or hand, the following reaction takin 
SiO, + 2 C= 2 CO+ Si and Si+ Fe = FeSi 

Tapping is accomplished by using an auxiliary electrode to burn out 4 
t2p hole. The melt runs out of the furnace into blocks or chills which ar 
broken up and shipped. Little slag is formed during this operation and ther 
fore care is exercised in the selection of raw materials, only the best 
used. 

In early European practice selection of raw materials was not so care 
fully made and ferrosilicon shipped in boats on becoming damp generated 
phosphene with disastrous results, but there have been no such occurrences } 
this country. Ferromanganese containing 80 per cent manganese and 6 per 
cent carbon can be made by either electric or blast furnace processes and the 
economics are on a par. The fact that the electric furnace uses less coke, and 
the recoveries from the ores are higher enables competition. The ferr 
manganese as made in an electric furnace, is produced by smelting manganes 
ore low in silicon and alumina with carbon and a flux. In tapping, a runner 
having a weir is used to remove the slag. High carbon ferrochromium is mai 
by similar practice. The chromium ore is expensive, being approximately 2) 
per cent Cr or 50 per cent CrO,, the balance being undesirable. The alloy, 
ufter being tapped the same as ferrosilicon, is re-tapped from a ladle to sepa 
rate slag and metal. The slag is so refractory that during the World War it 
was used for patching open hearth furnace bottoms. The manufacture of loy 
earbon ferro alloys such as ferrochromium, ferrotungsten, ferromoly)d 
and high-priced metals is accomplished by using the open are process in smal 
magnesite-lined furnaces. The reducing agent used in smelting low carbor 
ferro alloys is carbon, silicon or aluminum, the carbon content of certail 
grades of the finished metal being kept below 1/10 of 1 per cent. The process 
produces a large amount of slag and a comparatively smaller amount of metal 
Large units, using three phase current and consuming as high as 12,()00 kilo 
watts, are used for smelting the less expensive alloys such as ferrosilicon and 
smaller units sometimes using as low as 400 kilowatts and often single plas 
are used for the higher priced special alloys. The manufacture of ferro 
tungsten is an expensive process due to the fact that the metal has sucii a high 
melting point that pouring is impossible, it being necessary to allow the metal 
to freeze in the furnace and then to tear down the furnace to remove the 
metal. The composition of tungsten ores varies widely, phosphorus, til, 
arsenic, aluminum and other undesirables may be present. Part of these are 
volatilized by the high temperature and part slagged off. The production of § 
ferromolybdenum low in sulphur from molybdenum sulphide ore is made pos 
sible by the reaction between silicon and sulphur taking place in an electric 
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‘yrnace Which produces a volatile sulphide, thus removing the sulphur. A 
shemical treatment plant is desirable and necessary to an electric furnace plant 
for riddance of undesirables. The classification of ferro alloys in order of 
ionnage produced was given as ferrosilicon, ferromanganese, ferrochromium, 
serrotungsten, ferrovanadium, ferrotitanium and ferromolybdenum. The care- 
fy] selection of raw materials plus the advantages of the electric furnace in 
procuring freedom from gases, eliminating fuel defects, producing a strong 
reducing action and bringing reactions to the desired end, enables the producer 
of the eleetrie furnace alloys to give to the consumer a uniform production in 
quality and analysis. 

In discussing the use of the various alloys, Mr. Critchett pointed out that 
ihe use of a 15 per cent ferrosilicon addition in an open hearth furnace insured 
, metal free from -oxides and enables a time saving. Fifty per cent ferro- 
silicon is used as a ladle addition rather than 15 per cent ferrosilicon which 
would produee considerable cooling. The function of the silicon addition is to 
control the density and quality of the steel, it being considered that 0.07 to 
(08 per cent residual silicon is needed in low carbon steel of structural 
guality, 0.15 per cent in higher carbon products such as rails, and in the best 
grades of steel 0.25 per cént is necessary. Seventy-five to 90 per cent ferro- 
silicon alloys are used where a high percentage of silicon is desired in steel. 
Refined silicon containing 97 per cent silicon is intended for nonferrous 
alloys such as silicon-aluminum alloys containing 12 per cent silicon. The 
use of a 20 per cent silicon, 65 per cent manganese low carbon alloy in an open 
hearth furnace is advisable as in melting it forms a slag which rises 
readily and clears the steel of inclusions. The use of various alloys was dis- 
ewsed such as ferrochromium, ferrotungsten and ferromolybdenum for procur- 
ing effects on physical properties; the application of low carbon ferro- 
chromium to stainless steel manufacture and of low carbon ferromanganese to 
low carbon steel production was also discussed. W. E. Griffiths. 


NORTHWEST CHAPTER 


The first meeting of this year was held Wednesday, October 28, with 
Chairman Wm. ‘‘ Bill’? Sweet presiding. The large attendance indicated that 
this should be a banner year for the activities of this society. The executive 
committee had arranged a well-balanced program for the evening. 

Mr. Lanehan with his Irish bagpipe furnished the music to put every- 
ody in a good humor. Before this it had always been the idea with most 
of us that the bagpipe originated in Scotland, but Pat informed us that this 
was all wrong and gave dates to show that the Irish had them long before the 
Seotch ever thought of such an instrument. Fortunately, no Seotch were 
present that night, so no trouble ensued. 

Mr. Lilygreen of the American Hoist & Derrick Co. entertained with 
some stories and showed his ability is not confined to treatment of steel. 

R. L. Dowdell gave a very interesting report of the Cleveland Convention. 
He brought out the importance of attending the A. S. S. T. conventions and 


uged the men to begin plans now to attend the convention at Chicago next 
fall. 


U. W. Potter gave an outline of a paper presented by him at the fall 


an 
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convention of the American Foundrymen’s Association at Syra 
York, on The Effect of Heat Treatment on Gray Cast Iron and &§ 
His talk was illustrated with photomicrographs showing the effect on 
iron with various heat treatments as well as tables showing the « 
physical properties. 


se, New 
€M1-stee] 


the Cast 


Dr. O. E. Harder, chairman of the program committee, announced +), 
following tentative program for the coming year. 

November. Carburizing; H. B. Knowlton. 

December. Fatigue of Metals; H. F. Moore. 

January. Production Methods in Heat Treating; J. E. Smith of Hig) 
land Park plant of Ford Motor Co. 

February. Quality Steel Problems; D. M. Strickland. 

March. Alloy Steels; Mr. Wickenden of the International Nickel (o. 

April. Malleable Cast Iron; H. A. Schwartz. 

May. Manganese Steel; John H. Hall. 

June. To be arranged by local chapter. 

Dr. Harder also gave a summary of a paper on The Dilatometrie Method 
of Heat Treatment. This paper, of which Mr. Dowdell and Mr. Forsyth ar 
co-authors, was presented at the convention at Cleveland. The application j 
industry was shown by a furnace, exhibited by the Stanley P. Rockwell (v, 
for the first time at the Cleveland convention, which was very similar to th 
furnace described in the paper. 

Mr. Alexis Caswell, our secretary, who knows all the weak spots of stee 
treaters, had provided refreshments. This was without question one of th 
most popular parts of the program. 

After the meeting there were informal discussions and renewing of 2¢ 
yvaintances. The beaming countenance of H. K. Briggs was missing, but the 
fact that he announced his engagement about a month ago may account for his 
absence. 

Mr. Townseld of the Milwaukee Chapter attended the meeting Wednesda) 
night. We want to extend an invitation to all members of other chapters to 
attend any of the meetings if they should happen to be in the city at the time. 

The November meeting of the society was held Friday evening, Novembe 
6, at which H. B. Knowlton of the Milwaukee Chapter gave a very interesting 
talk on The Carburizing of Steel. His presentation of the subject may be 
discussed under three main headings: steel that is used, carburizing compound, 
and some of the difficulties encountered. 

The steel used should always be of a good grade as it is impossible t 
obtain good carburized parts if the original steel is of inferior quality. Sul 
pbhur should be kept below 0.05 per cent as it is very likely to cause soft spots 
or cracking in the case. Abnormal steels were also discussed and photomicro 
graphs were shown to point out the difficulties in carburizing it. The Ehu 
test was recommended for routine examination of all steel stock that is to be 
carburized. 

The carburizing compound consists of some carbonaceous material such 
as charcoal, bone black, coke, or charred leather, and an energizer such 4s 
barium or sodium carbonate. The effect of the energizer was shown Ve!) 
clearly by a series of experiments which were described. 
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The difficulties discussed were soft spots in the case which may be due 


» banded structure in the original steel, segregations, and decarburization 


‘ther in the pot or during the hardening operation. The trouble of getting 
iferent depth of cases in different carburizing boxes may be due to uneven 
reomperature im the furnace. The use of test pins was recommended to over 


ome this diffieulty. Chipping or cracking of the case may be due either to 


‘he heat treatment, carburizing or grinding of the steel and these were discussed 


fully. 


After the main talk there was a good lively discussion of the paper and 


only the faet, that Mr. Knowlton had to catch a train, made the meeting ad- 
ourn as early as it did with many still eager to ask questions in regard to 
‘heir difficulties in carburizing. L. J. Weber. 


PHILADELPHIA CHAPTER 


The second regular meeting of the Philadelphia Chapter was held at the 
Engineers Club Oetober 23, preceded by the usual dinner and an excellent 
vidress by Dr. Cattell, Philadelphia’s grand old man. Dr. Cattell proved 
onclusively that Philadelphia is the city in which to hold the 1927 Conven- 
Lien. 

The Chapter was honored at this meeting by a visit from President Bidle, 
Vice-President Bird and National Secretary Eisenman. 

The Philadelphia Chapter is conducting a membership campaign that has 
been eminently successful during the short time in which it has been under 
way. Two teams have been formed consisting of six men each, one team is 
»ptained by Mr. Gebert and one by Mr. Succop. The campaign is to continue 
(or the remainder of the year, and the team securing the greater number of new 
members is to enjoy a dinner and theatre party at the expense of the other 
team, 

Sam Tour of the Doehler Die Casting Company delivered a lecture on die 
astings, and handled the subject as only Mr. Tour can. Any chapter that is 
favored by a talk by Mr. Tour is indeed fortunate. A. E. Donovan. 


PITTSBURGH CHAPTER 


The November meeting of the Pittsburgh Chapter was held on the evening 
f the 5th in the auditorium of the U. S. Bureau of Mines Building. 

Preceding the meeting, supper was served in the cafeteria of the Mines 
Building and while the supper was in progress, a pleasing program of dancing 
aid singing was given by several entertainers. 

A handsome fountain pen and pencil was given as a door prize for which 
. J. Mertén held the winning number. 


Chairman O. B. MeMillen called the meeting in the auditorium to order 
at eight o’eloek. 

Dr. V. N. Krivobok of the Carnegie Institute of Technology announced 
that Dr. Albert Sauveur would give a series of three lectures at the Institute 
on the evenings of November 30, December 1 and 2 to which the members of 
the society were invited. 


| 





¥ 
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W. H. Phillips of the R. D. Nuttall Co., was unanimously elect 
chairman of the Chapter to succeed W. J. Priestley, resigned. 

After the business of the meeting was consummated, Chairman Me\jj),, 
introduced the speaker of the evening, E. E. Thum of the Oxweld cetyjc,, 
Co., who chose as his subject, ‘‘Heat Treatment by the Oxygen Acetylen 
Flame. ’’ 

In his preliminary remarks, the speaker said that he would not : 
the use of the oxygen-acetylene flame for furnace heating as it was { 
any refractory material with which it came in contact; nor did he ad\ 
attempt to case-harden with it owing to the fact that acetylene (C,H,) 
active in its carburizing action. He recommended that acetylene shoul 
be used at more than atmospheric pressure and temperatures. 

Motion pictures were then shown of the necessary equipment and hoy 
should be operated. Throughout the pictures, the speaker gave many s 
gestions for efficient handling of this equipment and also explained the 
cautions which should be taken. 

He then gave many examples where the use of the oxygen-acetylene flan 
was particularly adaptable mentioning among these the small heat treatmen; 
operation such as the hardening of a few small tools when the usual heat treat 
ment equipment was not ready for immediate use or would be too costly; ¢! 
emergency work where it would soften broken taps, etc., and in various kinds 
of experimental work. 

In describing spot annealing, he told how hardened pieces of armor 
had been spot annealed by this means so that they could be drilled. 

He further explained that by proper handling of the flame, spot hardening 
could be attained from the self-quenching action brought about by the rapi 
conduction of heat from the spot, which was impinged by the flame, to th 
rerwaining cold body of metal. Other examples of the great variety of pu 
duction uses of this flame were the drawing of the back part of hardened dies 
and the hardening of certain sections or areas of small machine parts and tools 

The hardening of the stem end of the automobile poppet valve was part 
cularly interesting both in regard to the rapidity with which it was acco 
plished and to the fact that the greater part of the valve was submerged i 
water during the heating with the flame. 

The extraordinary rate of heating caused by the intensity of the oxygen 
ecetylene flame was impressed upon the audience by the results of many ex 
periments which had been conducted by the speaker. 

Among the uses in non-ferrous work, this flame is used in the annealing ot 
ajuminum and in copper sheet work. An interesting comment in regard to 
heating aluminum was thaf the proper annealing temperature would be indi 
cated when a twirled piece of paper drawn across the surface df the aluminum 
would leave a dark line. 

In the machine shop field, the oxygen-acetylene flame is of particular 
advantage in annealing hard spots on castings. Then, too, it has been found 
to be of considerable utility in spot hardening malleable rifle receivers and plow 
points. 

The discussion which followed this talk was interesting and showed that 
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, had been followed with a great deal of interest and had opened new lines 
for thought. 

The Chapter had the pleasure of hearing from J. E. Donnellan who spoke 
it concerning the progress of the work of the Recommended Practice Com- 
mittee of Which he is the Secretary. H,. A. Neeb, Jr. 


PROVIDENCE CHAPTER 


Meeting: Friday, November 13, Rooms of Providence Engineering 
Society. 

Subject: Impressions received in Visiting Heat Treating Plants—W. 8. 
pille, national president A. 8. S. T. Mr. Eisenman, national secretary of the 
weiety, also spoke. 

No report of this meeting received. 


ROCHESTER CHAPTER 


The Rochester Chapter of the American Society for Steel Treating held 
its 63rd meeting Monday evening, November 9, 1925. 

This Chapter was fortunate in having John Howe Hall, of the Taylor- 
Wharton Iron and Steel Company, as the speaker for the evening. Mr. Hall 
hose for his subject, ‘‘ Manganese Steel.’’ He successfully carried us through 
the history, uses, method of manufacture, heat treatment, analysis, ete. In 
onjunction with his talk, Mr. Hall showed a great number of slides, and also 
, moving pieture which were very good. There was a good attendance both 
it the meeting and dinner, which preceded the meeting. 

The Rochester Chapter has succeeded in obtaining one new sustaining 
member, the Taylor Instrument Company, of Rochester, N. Y., also three 
regular members. They are now planning a membership campaign during 
which time they expect to get not less than three more sustaining members, 
and ten regular members. 

Watch, through the Transactions, the activities of the Rochester Chapter. 

C. Wattel. 


Our attention has been directed to an error which occurred in the report 
of the October 12 meeting of the Rochester Chapter as published in the last 
issue of TRANSACTIONS, page 656. The second sentence of paragraph two 
should read—Mr, Brearly (and not Mr. Nelson) in a joking way offered a 
machined bar of one of the special alloys to a friend who was engaged in 
the eutlery business. 

ROCKFORD CHAPTER 


The November meeting of the Rockford Chapter A. S. S. T. was held Wed- 
nesday evening, November 18, at the Nelson Hotel. It was preceded by the 
usual social meal, the meeting being called to order at 8:15 by Chairman 
Hillman. The formal business was quickly dispatched and the meeting turned 
over to Mr. Muehlemeyer, chairman of the program committee, who introduced 
the speaker of the evening, Prof. H. F. Moore of the University of Illinois. 

Professor Moore’s paper on ‘‘The Fatigue of Metals’’ was closely fol- 
lowed. His remarks concerning the scientific basis of the stress and strain 
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formulas used by engineers were illustrated with slides and examp) 
ing from this paper, the engineer should be congratulated on hi: 
svecess in combating so many unknown and immeasurable forces tha} 
the destruetion of his projects. 


Minent 


ork tor 


In coneluding, Professor Moore announced that Bulletin No. 
‘* Fatigue of Metals’’ was just off the press and could be obtained 
Director of Experimental Engineering, University of Illinois. 
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SCHENECTADY CHAPTER 


Meeting: ‘Tuesday, November 17, G. E. Research Laboratory Auditorium, 

Subject: Permanent Magnet Steels—Dr. J. A. Mathews, vice-president. 
Crucible Steel Company of America, New York City. 

No report of this meeting received. 


SOUTH BEND CHAPTER 


No report received. 
SPRINGFIELD CHAPTER 


The Springfield Chapter of the American Society for Steel Treating 
held a meeting on November 11 in the rooms of the Springfield Chamber of 
Commerce. W. 8S. Bidle, National President of the Society, and W. H. Eisen. 
man, National Secretary of the Society, were the honor guests and the prin. 
cipal speakers at the meeting. 


Mr. Eisenman’s address dealt largely with the broad activities of th 
National Organization. He pointed out the financial standing of the National 


Society, as well as that of the local Chapters at the present time, as being ex 
cellent. 


With reference to the Cleveland Exposition, he stated that it exceeded 
al] expectations. It was far the best and the largest attended exposition in th: 
history of the American Society for Steel Treating. The Society’s Annual 
Convention and Exposition is now an event of national importance and no one 
connected in anyway with the manufacture or heat treatment of steel can afford 
to miss it. In many instances which came to the personal attention of Mr. 
Eisenman, observations by manufacturers of the various improved processes 
exhibited at the Exposition resulted in substantial savings to’ them. 

In conclusion, Mr. Eisenman outlined the activity of the National Organ 
ization directed toward the improvement of the prestige of men engaged in 
the treatment or the testing of steel. The most important step taken by the 
Society in that direction is a contemplated publication of the prepared book 
entitled ‘‘Good Will Builder,’’ intended for distribution among manufacturers. 
In this book the importance of the position of a chemist, metallurgist and 4 
foreman of the heat treating department in a manufacturing organization is 
explained. 

Mr. Bidle’s talk was confined to his observation of various heat treatment 
methods and equipment in a number of automobile concerns which he ha‘ 
the opportunity to visit. This talk was of real practical value and was greatly 
appreciated by his listeners. The regular get-together dinner was served at 
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the Highland Hotel. P.W. Oliver, chairman of the local Chapter, presided at 
the meeting. N. A. Glaskowsky. 
ST. LOUIS CHAPTER 


The St. Louis Chapter held their November meeting on the evening of the 
ith at the American-Annex Hotel. 
: The speaker of the evening was Prof. H. F. Moore, of the University of 
(llinois, Urbana, Illinois. Professor Moore chose as the subject of his address 
“What Happens When Metal Fails in Fatigue’’; this was illustrated by in- 
‘resting lantern slides. Our speaker has made a valuable contribution to the 
study of metals from his vast amount of research work on fatigue of ferrous 
and nonferrous metals; in this work Professor Moore has the support of the 
Vational Researeh Council, General Electric Co., Allis-Chalmers Mfg. Co., West- 
ern Eleetrie Co., and others. 

Perhaps more were on hand for the dinner than had ever attended be- 
‘ore, and when the meeting began the crowd was one of our largest;and most 
enthusiastic. After the business of the evening Professor Moore addressed 
the meeting. He clearly reviewed the main topics of his paper; the theory of 
fatigue was plainly put before the members; he touched on the false theory 
of crystalization. His theory was built on the action of a large number of 
atoms, not the unreliable data of a few. Slip was illustrated by a pack of 
ards; two results came from continued slip: roughening of the layers of atoms 
which tended to reduce the slip and fracture which developed from weak 
spots in the metal. If there was only slip, the metal would become tougher 
and more resistant to fatigue; but the phenomena of actual fracture followed 
the slip lines very often. Final failure generally comes through the crystals, 
not between them. Cold working action strengthens metal; it closes up small 
holes in the metal, this reduces the seats of fracture. Some metals are injured 
by cold working, but cold working steel seems not to have any ill effect on the 
resistance to fatigue. Fracture will follow the weakest constituent of the 
metal; in the case of ferrite and pearlite, the fracture will follow the ferrite. 
iseussion lasted until 11 o’clock. Alan Jackman. 


SYRACUSE CHAPTER 


The following effusion was inspired by the talk of M. A. Grossmann given 
before the Syracuse Chapter of the Steel Treaters on November 9 at the 
Onondaga Hotel. 

Oxygen, Oxygen 
Makes a heat of metal sick, 
Causes customers to kick. 


Oxygen, Oxygen 
Metallurgists all must lick, 
Oxygen. 


Mr. Grossmann spoke on the Manufacture of. Alloy Steels, showing a series 
(f lantern slides, some of which he said were included merely as examples of 
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good photography—and they were good ones. The speaker discuss; 
portant steps in alloy steel manufacture, starting with the scrap pile 
ing with the inspection of the finished bars, touching in between on 
steel, hot tops for economical removal of pipe, ingot molds, burying pits. 
hammer cogging, rolling, chipping and grinding of billets, and annealing. 

The discussion which followed the talk was mainly on the sx 
oxygen in steel. 


He ly 
1 finish. 


XYZen in 


eet of 


W. R. Frazer, Chairman of the Program Committee, announced that G. p 
Brophy of General Electric would be the speaker at the December meetino 
the subject being ‘‘ Photoelastic Method for Determination of Causes of Failur 
in Metal Structure.’’ In January, we will have a joint meeting with the Joe. 
chapter of the American Chemical Society at which time R. 8S. Archer of th, 
Aluminum Company of America will talk on Aluminum and Its Alloys. 

P. Pee owrte, 
TORONTO CHAPTER 
No report received. 


TRI-CITY CHAPTER 


The November dinner meeting of the Tri-City Chapter of the American 
Society for Steel Treating was held Thursday evening at the Davenport 
Chamber of Commerce. There were fifty members and guests in attendan 
at this meeting. 

Prof. H. B. Knowlton of the Milwaukee Vocational School, Milwaukeg. 
Wis., addressed the chapter on the subject of ‘‘Carburizing.’’ 

Carburizing is a metallurgical process in which a case or glass-hard surfac 
can be produced on the surface of parts by packing the soft steel parts in a 
carburizing compound. These compounds are made up of charcoal and chemical 
energizers which, when subjected to a furnace temperature of about 1600 de 
grees Fahr., evolve a gas known as carbon monoxide. This gas penetrates the 
surface of the steel parts and builds up a high carbon surface. Following 
this carburizing treatment, the parts are hardened by heating to a temperatur 
of about 1550 degrees Fahr. and quenching in water or oil. 

The parts so treated, therefore, have a hard surface while the interior 
the parts are of soft steel. 

Mr. Knowlton discussed the fundamental principles of carburizing and 
stressed the fact that the success of the treatment depends largely; first, upon 
the proper selection of steel to be used for carburizing; second, selection of 
proper carburizing compounds; third, proper control of temperature and tim 
cycle in the carburizing furnace; and, fourth, heat treatment following carbur 
izing. 

Considerable carburizing is done in the factories of the Tri-Cities, and 
consequently, an interesting discussion followed the address of the evening. 

C. H. Burgstor 
WASHINGTON CHAPTER 


The Washington Chapter was entertained at its November mecting 0 
Friday, the 20th, by W. S*Bidle, National President of the Society, and i. 
T. Bayless, editor of Transactions. The Secretary, W. H. Eisenman, hat 
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also pl ned to be present at this meeting but was unavoidably obliged to 
yange his plans at the last moment. In the absence of Mr. Eisenman, which 
vas greatly regretted by the members of the Chapter, Mr. Bidle transmitted 
in brief the message which the Secretary had planned to carry to the members 
¢ the Chapter. He traced the growth of the Society both technically and 
gnancially from its origin by the merger of the old American Steel Treater’s 
gociety and the Steel Treating Research Society, in 1920, to the present date. 
ie particularly emphasized the problem of selling the work of the Society to 
manufacturing executives not so much from the standpoint of obtaining their 
memberships as of convincing them of the usefulness and value to their organ- 
vation of participation in the activities of the Society by those among their 
employees Who were directly responsible for thd metallurgical practices. 
Mention was also made of the progress of the data sheets and of the desire for 
fyrther suggestions as to subject matter for data sheets with a view ultimately 
o making the Hand Book an all-inclusive reference manual on the most needed 
metallurgical subjects. 

Prestdent Bidle then proceeded with the subject matter of his own talk. 
uring the past year or more the speaker has visited a total of twenty-seven 
chapters throughout the Middle West and Northeastern sections of the country, 
nd during his visits he has arranged for inspection of somewhat over fifty 
plants in which heat treatment of steel was a major operation. He presented 
+) the members of the Chapter a summary of the latest practice in this work 
: gathered in the course of these trips. Your correspondent unfortunately 
took his collegiate course in an institution in which stenography was not in- 
cluded in the curriculum and hence was able to collect only a small proportion 
of the novel improvements in heat treatment practice which were brought up 
for the members’ attention. The ideas were truly more closely packed than 
the iron atoms in the gamma iron crystal lattice. 

Among the points brought up by Mr. Bidle, the following few are selected 
as being generally representative of the trend in heat treatment practice which 
he observed during these many trips, which were chiefly through plants engaged 
in the automotive and machine tool industries. Furnace equipment being the 
jrincipal tool in the heat treatment plant, the construction and operation of 
such equipment formed the major part of the talk. 

(a) Coal is practically non-existent as a source of energy, oil, gas and 
electricity being the chief media for heat generation. Improvements in the 
ise of oil have been in the direction of heavier fuel with its higher heating 
value, equipping the system with heating devices to maintain satisfactory 
fluidity without such temperature increases as would be dangerous. Improve- 
ments in the use of gas have been largely in the direction of pre-mixing of air 
and fuel by several types of simply controlled mixing devices. Improvements 
in electric heating have been principally in the direction of exposed resistance 
units, heavy heat insulation and automatic temperature control. 

(b) A large proportion of the general tonnage of heat treated articles are 
landled in oil-fired furnaces, but the greatest increase in capacity in recent 
years has been registered by manufacturers of electric heating equipment. 

(c) The advances in carburizing practice have been many. One rotary 
carburizing furnace, electrically heated, heavily insulated and 30-feet in 
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diameter showed a gross thermal efficiency of 86.6 per cent. Mu 
been made of the counter-flow principle in electric and fuel-fired f 
which a central section is maintained at the desired operating t; 
and two series of charges are fed in from opposite ends of the furna 
end the incoming material on one side having heat imparted to it b) 
going charge on the other side. It was interesting to note that th 
carburized parts today on the Ford car and on the tractor made by 
manufacturer, only the wrist pins receive this treatment. 

(d) The use of molten cyanide solutions as non-oxidizing salt-bath heatiy, 
media is growing. It is claimed that gears heated in this manner wij] a 
pit as readily under heavy loads as will those heat treated in open furnapec 
of the muffle or semi-muffle types. 

(e) Considerable attention was given to carburizing troubles, particular) 
the reaction of carburizing compounds with fire clays used for luting covers 
and to the flaking off of copper deposits leaving exposed surfaces wher, 
carburization will occur and naturally is not desired. The causes of thes 
phenomena were discussed. 

(f) Many miscellaneous subjects were mentioned such as the 


COO! 


of quenching media by tubular coolers equipped with baffle plates, the cooling 
water passing through the tubes in order to avoid clogging that frequent 
resulted from the circulation of oil through this part of the system. Mentio 
was also made of many novel die-hardening and straightening methods and oi 
the use of electric furnaces because of improved construction in the line o: 
manufacture in machine shops. It was of interest to note that at the Fo 
River Rouge Plant, one thousand tons of steel parts are heat treated per day 


(g) Discussing gear hardening practice one instance was cited in whic 
or a production of fourteen hundred gears per day, the average loss by warpag 
was only six. The staggering figure of ninety-six thousand gears hardened i 
eighteen hours in one forty-five foot continuous furnace, was also mentioned 
Tn this connection methods of annealing involving extremely rapid cooling ove 
certain temperature ranges, with certain steels, was given considerable atte: 
tion. 

In the discussion which followed, time was devoted to questions of ge: 
warpage as affected by the previous cycle of heat treatment and machining 
operations, automatic temperature control as applied not only to electric but 
also to fuel furnaces, the use of metallic and non-metallic recuperators and 
other pertinent subjects. 

Subsequent to Mr. Bidle’s talk, Mr. Bayless expressed his appreciation at 
being able to attend the meeting, and asked particularly for suggestions fron 
the members in regard to improvements in the conduct and character 0! 
TRANSACTIONS. He also made mention of the part which had been played 1! 
the preparation of papers for the Society by various members of the Was 
ington Chapter. 

A word of greeting was extended by Mr. Greene, a visitor from th 
Philadelphia Chapter, with an invitation to the members of the Washington 
Chapter to inspect the work being done at Temple University by the Phila 
delphia members, along the lines of metallurgical education. 


Jerome Strauss. 
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WORCESTER CHAPTER 


ting : Thursday, November 19, University Club. 


‘ect: Metallurgical Investigations at the Arsenal—Dr. 


atertown Arsenal, Watertown, Mass. 
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NEW MEMBERS OF THE AMERICAN SOCIETY FOR STEEL TRI 


EXPLANATION OF ABBREVIATIONS. M represents Member: A represents Associat 
S represents Sustaining Member: J represents Junior Member: and Sb represents § 


Member. The figure following the letter shows the month in which the members! 
effective. 


ATING 
Lember 


ALDERSON, JOHN, (M-10), tool hardener, Saco-Lowell Shops; mail 14: 
ton St., Lowell, Mass. 

ALLEN, J. E., Sales Dept., Union Drawn Steel Co., 200 Devonshire St., 

ANDERSON, FREEMAN G., (M-10), Mechanics Machine Co., Rockford, | 

BAILEY, RicHARD F., (M-11), Metallographer, General Electric Co.; 
Tudor St., Lynn, Mass. 

BARNES, R. H., (M-11), resident chemist, Cuyahoga Works, American Ste 
Wire Co.; mail 1394 East 90th St., Cleveland. 

BAUSMAN, GEORGE A., (M-9), National Equipment Co., Springfield, Mass. 

BEcHTEL, T. B., (M-8), electric engineer, Hevi Duty Electric Co.; mail 4081, 
Windsor Place, Milwaukee. 

BEILSTEIN, R. G., (M-10), laboratory, Hyatt Roller Bearing Co., Harriso 

. N. J.; mail 22 Hadley Ave., Clifton, N. J. 

BERGEN, Lewis S., (M-10), open hearth observer, Bethlehem Steel Co.: ; 
315 Cherokee St., Bethlehem, Pa. 

BERGENDORF, CLARENCE A., (M-10), tool and die maker, California (a 
Stege, Calif.; mail 766 Vincent Ave., Berkeley, Calif. 

BisHop, J. O., (M-11), foreman tool room, Union Tool Co.; mail 1720 An 
dree Ave., Torrance, Calif. 

Bowyer, Ropert H., (M-6), 3918 Lillibridge St., Detroit. 

Brauns, E. D., (M-10), 1856 Ansel Road, Cleveland. 

BRUGGMAN, ELMER W., (J-10), Room 2-011, Massachusetts Institut 
Technology, Cambridgé, Mass. 

BupGe, PASQuEL M., 502 East Jefferson St., Ann Arbor, Mich. 

BULETTE, WARREN C., (M-10), president, Brandt-Warner Mfg. Co.: mail Br 
& Philadelphia Sts., York, Pa. 

CaBLE, A. W., (M-11), inspector forge department, Allis-Chalmers Mfg. Co., 
Milwaukee. 

CANFIELD, L. R., (M-10), assistant superintendent, Youngstown Sheet & Tube 
Co., Evanston, Il. 

CARROLL, D. C., (M-9), 7 Upper Terrace, San Francisco. 

CoLtins, OTro, (M-11), hardening room, Railway Bearing Co.; 
Hartson St., Syracuse, N. Y. 

CoRFIELD, JAMES D., (S-10), Detroit representative, Mackintosh-Hemphill 
627 Ford Bldg., Pittsburgh. 

CoTTrRELL, E. W., (M-10), C. I. M. A., Croix (Nord) France 

Coustngav, 8. J., (M-11), 1916 Louise Ave., Detroit. 

Cox, Harry P., Jr., (M-11), engineer, Hevi Duty Electric Co.; mail 352 25 
Ave., Milwaukee. 

Crown, JAMES E., (M-11), master mechanic, U. S. Government; mui! 
Fifth St., Washington, D. C. 

Davis, NATHAN H., (8-10), treasurer, Keystone Lantern Co., Philade 


DEAN, Linptey I., (A-10), vice-president, Cape Ann Tool Co., Pigeon 
Mass. 
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p ©, D., (M-10), foreman, Chicago Serew Co.; mail 411 North Elmwood 
. Oak Park, Il. 
, GeorGE 8., (M-11), chemist, General Electric Co. 
st., West Lynn, Mass. 
A., (M-9), metallurgical department, Dodge Bros.; mail 2900 Hazel- 
| Ave., Detroit. 
, THORSTEN, (M-10), foreman, National Lock Co.; mail 616 London 
Rockford, Il. 
B. A., (M-9), 265 Seaman St., New Brunswick, N. J. 
, CHEEK-STEEL Founpry Co., (A-9), Cleveland; John E. Sweet, See’y, 
Sandusky, Ohio. 
ALBERT H., (M-11), chemist, Halecomb Steel Co.; mail % Y. M. ©. 
\., Syracuse, N. Y. 


> midil 41 Lowell 


, RADCLYFFE, (M-10), superintendent, The Midvale Co.; mail 207 Sum- 
mit Ave., Jenkintown, Pa. 
s, Harry C., (M-11), general foreman, Link Belt Co., 202 S. Bel. Ave. 
Indianapolis. 
yy, GEORGE H., (S-10), manager, Peter A. Frasse & Co., ine.; mail 135 
Walnut St., Hartford, Conn. 
stip, R. Earn, (M-9), 3618 Nottingham Road, Detroit. 
KveRETT A., (J-10), student heat treater, New Departure Mfg. Co.; 
‘il 188 North Main St., Wallingford, Conn. 
, F. A., (A-10), Hevi Duty Electric Co., 690 Kinnickinnie Ave., Mil- 
waukee, 
oN, WALTER J., (A-9), 27th and Canal Sts., Milwaukee. 
‘, JoHN J., (M-10), research engineer, Walworth Mfg. Co., 88 Pearl 
St., Boston, 
, ErroLL B. Jr., (M-9), Bethlehem Steel Co., Bethlehem, Pa. 
ERLE G., (M-10), 1120 Wightman St., Pittsburgh. 
Leroy E., (J-11), student, University of Michigan; mail 413 E. 
Robie, St. Paul. 
RALPH R., (M-11), foreman, Pollack Tool & Stamping Co.; mail 71 
Shirley St., Quincy, Mass. 
rk, Epwyn IL., (A-9), sales department, Eaton Electric Furnace Co.; mail 
iS Mason St., Taunton, Mass. 
icKEL, Howarp E., (M-10), operating department, American Steel & 
Wire Co.; matl 1223 Webb Ave., Lakewood, Ohio. 
SON, FRANK, (M-11), American Institute of Mining and Metallurgical 
Kngineers, 29 West 39th St., New York City, % O. Smalley. 
, GLEN L., (A-10), 502 East 74th St., Chicago. 


HuNTER, Patrick J., (M-10), 318 Dennison Ave. E. End, Pittsburgh. 
JACKSON, DANTEL, (M-11), tool foreman, Cutter Electric Mfg. Co.; mail 1402 


South Newkirk St., Philadelphia. 


JAMES, THEODORE, (J-11), student, Harvard University; mail 1870 Beacon St., 


Brookline, Mass. 
, C. E., (M-11), machine shop foreman, Sherwin Williams ©o., Chi- 
cago; mail 8325 Maryland Ave., Chicago. 


—— 
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JOHNSON, Davip E., (M-10), foreman, National Lock Co.; mail 162 
wood Ave., Rockford, Ill. 

JOHNSON, ERNEST W., (M-10), foreman, National Lock Co.; mail 
Ave., Rockford, Ill. 

KAMMERER, WALTER, (J-10), 3233 Beechwood Blvd., Pittsburgh. 

KELLY, I. A., III, (Jr.-10), student, Massachusetts Institute of Te 
mail 318 Charles River Road, Cambridge, Mass. 

Kine, W. J., (M-9), 2424 St. Clair Ave., Cleveland. 

KIRKPATRICK, T. L., (A-10), A. E. Hunt Steel Co., 80 Boyleston St., Bos 

LL.APOINTE MACHINE Toon Co., (S-10), 34 Tower St., Hudson, Mass. 

LAUENSTEIN, CARL F., (M-11), metallurgist, Link Belt Co., Indian 


LEHMAN, PAuL, (M-9), president, Lehman Machine Co., 3560 Chout 
St. Louis. 


Lires 


DOTS 


au Sf 


LOWE, MELVILLE, (M-11), chemist and metallurgist, Thurner Heat T 
Co.; mail Room 409, Y..M. C. A., 143 Ninth St., Milwaukee. 
LUNDSTROM, HAROLD, (M-9), works manager, Carl Gustafs Studs Gevarsfacto 

Eskilstuma, Sweden. 


reatil 


Lyncu, J. J., (A-10), sales engineer, Industrial Engineering & Equipmen 
Co.; mail 1314 Syndicate Trust Bldg., St. Louis. 

MAHIN, EpwIN G., (M-10), Department of Chemistry, University 
Dame, Notre Dame, Ind. 

MARLOWE, JAMES §8., (A-10), Atlas Alloy Steel Corp., 606 State Life Bldg 
Indianapolis. 

Marrison, C. L., (S-11), Mattison Machine Works, Rockford, Il. 

McIntosH, F. F., (M-10), Sewickley, Pa. 


OT 


MOoLLIsoN, Tom M., (M-10), assistant metallurgist, Braeburn Alloy Steel Co 
Braeburn, Pa. 


MONCRIEFF, JAMES W., (A-10), ceramic engineer, Stockton Fire Brick Co.; mn 
541 Rialto Bldg., San Francisco. 

Morok, GEORGE T., (J-10), student, Box 332, Carnegie Institute of Technology 
Pittsburgh. 

Mou.ttTon, W. B., (A-10), assistant district sales manager, Atlas Steel Co 
mail 1242 West Washington Blvd., Chicago. 

Muntac, A. A., (M-10), % Buckeye Twist Drill Co., Alliance, Ohio. 

Murpock, C. E., (A-10), 309 North Division St., Appleton, Wis. 

NIcHOLS, JoHN T., (M-11), 210 Semple St., Oakland, Pittsburgh. 

NisBeT, GEORGE B., (M-10), metallurgist, Midland Steel Products Co.; 
16807 Hilliard Rd., Lakewood, Ohio. 

NoORDELL, MAuriItTz P., (M-10), superintendent, Rockford Drop Forge (o., 
Palmwood Place, R. R. No. 4, Rockford, Ill. 

NortH, Epwitn, (M-10), engineer dept., National Lock Co., Rockford, Ill. 

Norton, Roperr H., (M-11), chief chemist, Penn Seaboard Steel Corp., Nev 
Castle, Del. 

OLDACRE, WILLIAM H., (M-10), factory manager, D. A. Stuart Co., 2735 
Troy St., Chicago. 

OLESON, Epwarp, (M-11), production foreman, Cutter Electric Mfg 
Philadelphia. 
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O'MALLEY, FREDERICK J., (M-10), 2nd assistant superintendent, Philadel- 
phia Eleetrie Co.; matl 27th & Christian St., Philadelphia. 

ORAM, R. C., (A-10), sales manager, Crucible Steel Co. of America; mail 1518 
North 9th St., St. Louis. 

OstHAUS, BAYARD, construction engineer, Composition Metals Corp.; mail 
1999 Church Lane, Philadelphia. 

parker, W. E., (M-10), general superintendent, Ensco Steel Products Co.; 
mail 5861 South Grand Ave., Los Angeles. 

passMORE, H. E., (M-10), metallurgical department, National Tube Co 
Ellwood City, Pa. 

PLUMMER, ROBERT K., (A-9), 2121 St. Clair Ave., Cleveland. 

POLLARD, WALTER H. Jr., (M-10), representative, Ames Shovel & Tool Co., 
North Easton, Pa. 

Powrrs, DANIEL M., (A-3), 1054 Union Trust Bldg., Cleveland. 

RanNEY, E. P., (J-10), student, Cornell University; mail 625 University Ave., 
Ithaca, N. Y. 

Reep, C. E., (M-10), vice-president, Bridgeport Machine Co., Wichita, Kans. 

ReepD, D. D., (A-10), 1621 Wagar Ave., Lakewood, Ohio. 

ReurscH, AUGUST, (M-10), International Harvester Co., m. b. h., Neuss, a/Rh, 
Germany. 


*9 


RopertTs, C. S., (M-11), Dodge Steel Co., 6501 Tacony St., Philadelphia. 

ROSECRANS, CLARENCE A., (A-9), sales department, Wilson-Maeulen Co.; mail 
Box 1422, Indianapolis. 

Ross, RoBerTs, (A-10), sales department, William Jessop & Sons, Inc.; 
91 John St., New York City. 

RousH, Roy W., (M-11), laboratory, Cadillac Motor Car Co., Detroit. 

ROWINSKI, NicHOLAS M., (M-9), engineer, Kempsmith Mfg. Co.; mail 640 
Tenth Ave., Milwaukee. 


mail 


RurLepDGE, C. M., (A-11), salesman, Columbia Tool Steel Co.; mail 2318 North 
Spaulding Ave., Chicago. 

SALERNO, ALFRED H., (M-10), 19 Drift St., Newark, N. J. 

ScueIn, THomMAS W., -(A-10), salesman, Vulean Crucible Steel; mail 5660 
Underwood Ave., Detroit. 

Scuiep, C. F., (J-6), 412 Walnut St., Minneapolis. 

ScuREIBER, G. A., (M-10), consulting engineer, % American Express Co., 55 
Charlotten Strasse, Berlin, W-8, Germany. 

ScuwaB, Gustav, (M-9), 831 Madison Ave., Elizabeth, N. J. 

SMALLEY, E. L., (S-9), 690 Kinnickinnie Ave., Milwaukee. 

SmirH, Cart B., (M-11), superintendent wire annealing, Crucible Steel Co.; 
maul 148 Redfield Place, Syracuse, N. Y. 

SmirH, Henry B., (M-10), assistant metallurgist, International Silver Co, 
Meriden, Conn. 

Sprir, H. S., (8-10), % Western Cartridge Co., East Alton, Il. 

STERNAGLE, C. O., (A-11), sales manager, Poldi Steel Corp.; mail 130 North 
Wells St., Chicago. 

SWANSON, ALBERT N., (M-10), metallurgist, Illinois Steel Co.; mail 1120 West 

bth Ave., Gary, Ind. 
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THIEL, B. C., (M-10), % C. & G. Cooper Co., Mt. Vernon, Ohio. 

THOMPSON, R. W., (M-10), 237 Broadway, Alliance, Ohio. 

TIERNEY, FRANK, (M-11), machinist, Charles R. Hadley Co.; mail 8| 
3d St., Los Angeles. 

Tietz, HerBert D., (A-10), salesman, Driver-Harris Co.; mail 
Randolph St., Chicago. 

TREANOR, JOHN D., (M-8), chemist, Waterloo Gas Engine Co., Wate: 

TREMERE, BENJAMIN B. Jr., (J-10), Mt. Vernon Ave., Needham, \| 

Tripp, R. M., (J-11), 4140 East 100th St., Cleveland. 

WAINES, JAMES H., (M-11), foreman, hardening department, Ohi 
Tube Co., Shelby, Ohio. 

WENINGER, JACOB, (M-11), superintendent, Plomb Tool Co.; mail 2 
Fe Ave., Los Angeles. 

WESTERN CARTRIDGE Co., (A-9), East Alton, Ill. Attention H. S. 

WHEELER, R. A., (A-10), salesman, International Nickel Co., 67 Wa! 
York City. 

WILLIAMS, CHARLES F., (J-10), student, 626 Thurston Ave., Ithaca 

WILSON, CARROLL L., (M-10), industrial heating engineer, Westingho 
tric & Mfg. Co., 1535 Sixth St., Detroit. 

WINKLER, CARL J., (M-11), superintendent, Automotive Parts Co.; 
Massachusetts Ave., Indianapolis. 

WoopELL, JoHN F., (J-11), student, Vanderbilt University; mail 35; 
Hall, Nashville, Tenn. 

Wricut, WiLBuR T., (A-9), district manager, E. F. Houghton & Co.; 
King Ave. N. E., Cleveland. 


WyMAN, Gorpon Co., (S-10), Worcester, Mass. 
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Items of Interest 





ETHLEHEM Steel Corporation is distributing to its stockholders a new 

booklet which tells how its program of modernizing, developing and ex- 
nanding its plants is being carried out. Within a few years this steel company 
yas become the second largest producer of steel in the world. The book they 
are issuing gives a brief history of the corporation, the rapid growth of its 
hysiness, the modernization and development of its’ properties, and its policy. 
There is a list of the products manufactured and brief descriptions, with 
‘lustrations, of its seven plants. The booklet also tells where its raw materials 
are obtained, describes its transportation facilities, enumerates its shipbuild- 
ny and ship repair pants, and gives a list of the different offices. 


Dr. Albert Sauveur, holder of the Gordon McKay professorship in metal- 
rgy and metallography at Harvard engineering school, was engaged by Presi- 
jent Thomas 8. Baker of Carnegie Institute of Technology, and delivered three 
sientifie leetures at Pittsburgh on November 30, December 1 and December 2. 
The subjects are ‘‘ Directional Properties and Dendritic Segregation in Steel,’’ 
and ‘‘Hardening of Steel,’’ two lectures being given on steel hardening. 


These lectures were given in the evening for the benefit of Pittsburgh scientists 
nd steel men. 


Firth-Sterling Steel Company announced November 16, 1925, that E. E. 


‘oberts will represent their company, traveling exclusively in the western part 
of the state of New York. This arrangement has been made in order that 
the Firth-Sterling Company can give better service to their friends and cus- 
tomers in Buffalo and vicinity. Mr. Roberts, before taking charge of the 
Firth-Sterling Company’s New York heat treating plant, had a long, practical 
perience, including the working of fine steels in automobile, railroad and 
achine tool shops, as well as in commercial heat treating. 


t 


The Driver-Harris Company of Harrison, N. J., has purchased the works 
wd properties of the Electrical Alloy Company at Morristown, N. J. The 
Morristown plant will be operated as the Electrical Alloy Division of the 
Driver-Harris Company and the main executive offices and sales department 
will be concentrated at Harrison. 

The Morristown plant has been acquired because of the increased manu- 
facturing facilities which it will give the Driver-Harris Company. This was 
ueeded on aceount of the increased business which has been attracted to the 
company. This added productive capacity will greatly increase the ¢ompany’s 
facilities and enable it to render service and make shipments in the quantities 
which the trade now requires. 


A much larger research and development department will be maintained 
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and the Driver-Harris Co. feels that by this larger department th, 
able to render a distinct service to the electric heating and allied in 


The Carborundum Company of Niagara Falls, N. Y., announces 
duction of two new products in the field of refractories. One is a n 
called ‘‘Carboplastic’’ cement and the other is the ‘‘Carboplastic’’ 
for applying the new cement. 

The principal ingredient of this new cement is Carborundum, on 
most highly refractory of all materials. By the proper selection of 
materials ‘‘Carboplastic’’ cement is made to inherit the refractory | 
of Carborundum and at the same time lend itself readily to applicat 
the ‘‘Carboplastic’’ gun. ®The new cement is prepared for use simply 
addition of water to give it the proper consistency. It air sets with a stron 
bond and, of course, it is more resistant to high temperatures than the bes 
grades of fire brick. 

The principal uses for ‘‘Carboplastic’’ cement are in minimizing 
serious effects on firebrick settings of localized flame impingment, of 
due to spalling and cracking, of destructive barring off, of clinker formation and 
other causes for maintenance and repair. By applying ‘‘Carboplastic’’ cement 
as a coating over the firebrick face or as a plastic refractory for patching, th 
life of firebrick settings is materially increased and the need for frequent 
shut downs for repairs are eliminated. ‘‘Carboplastic’’ cement can be applied 
to either hot or cold settings. 

The ‘‘Carboplastic’’ gun for applying this cement is one of the handiest 
gvns of this type yet offered to industry. It is truly portable weighing b 
12 pounds. It has no moving parts to get out of order and cause trouble and 
is operated by a single valve located close to the handle. The gun is operated 
by either steam or air at 100 pounds pressure. It is small, compact, easy to 
handle and can shoot fifty pounds of ‘‘Carboplastic’’ cement in less than halt 
a minute. It sucks the cement from an ordinary pail or bucket. There is n 
auxiliary hopper. Complete information regarding both the new cement and 
the improved gun can be had by addressing The Carborundum Company, r 
fractory division, Perth Amboy, N. J. 


Volume II of Professor W. Trinks’ ‘‘ Industrial Furnaces’’ has just been 
announced by the publishers. This new volume, although a continuation of 
the first one, is complete in itself and is devoted primarily to practice. I! 
will be found an invaluable reference to (1) men who have to decide on th 
type of fuel or heat energy to be used in a specific case, (2) those who select 
furnace equipment, (3) sales engineers of furnace equipment, (4) men wh 
install furnaces, and (5) furnace operators. 

In this volume a great deal of equipment is described, and being the onl) 
treatise in existence on the subject, this book will find a wide usage in coun: 
tries other than the United States. As far as possible, fundamental types 
have been selected for description. 

In limiting the descriptive matter to fundamental types, the author has 
tried to avoid too many details, as these vary constantly. 

On account of the wide field covered by the subject of industrial furnaces, 


+ 


the author has found it necessary to supplement his own experience wit! that 
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EMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. If you 
wish a position, your want ad will be printed at a charge of 50c each insertion in 


two issues Of the Transactions. 


This service is also for employers, whether you are members of the Society or 
not. If you will notify this department of the position you have open, your ad 
will be published at 50c per insertion in two issues of the Transactions. Fee must 


accompany Copy. 


Important Notice 


In addressing answers to advertisements on these pages, a stamped envelope 
containing your letter should be sent to AMERICAN SOCIETY FOR STEEL 
TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 

| jestination. It is necessary that letters should contain stamps for forwarding. 


Se 


SS —ee EE: 


POSITIONS WANTED 


CHEMIST MI ‘{ALLURGIST is desirous of changing 
:< Has had 10 years’ experience in chemical 
vee physical testing, microscopical. work and 


Oe treatment of machine tools, dies, forgings and 
cE ‘ng, Salary nominal, Prefer permanent po- 
te vith future, in Cleveland district. Address 
11-2 


YETALLURGIST CHEMIST with 14 years’ experi- 
‘neo in the metallography, heat treating, physical 
sting, analysis and manufacture of the non-ferrous 
alloys desires position. Experience also embraces the 
ec] jnaustry, including alloy steels and the ferro 
‘Jovs of Vanadium, tungsten and molybdenum. Past 
1) years employed as an executive. Desire a change 
or reasons over Which I have no control. Address 
aa 

YETALLURGIST with nine years’ experience in test- 
ing, analysis, heat treatment and metallography of 
qtomotive materials, desires position with established 
encern, Address 11-15. 


WVETALLOGRAPHIST-METALLURGIST desires to 
change position. Graduated from German University, 

3 years’ experience in metallography, heat- 
trating, hardening and inspecting; also knowledge 
{physical testing. Address 11-10. 





T00L HARDENER desires position. Has had three 
years’ experience dressing all kinds of tools for pneu- 
matic hammers. Address 11-45. 








YETALLURGIST AND CHEMIST with 14 years’ ex- 
perience in automotive industry, desires change. Past 
eyperience includes charge of both physical and 
chemical laboratories and heat treating departments. 


Als have had some foundry experience. Location 
unrestricted. Address 12-25. 


FORGE SHOP FOREMAN, practical and competent, 
desires position. Has had 22 years’ experience in all 
tinds of hammer forging, hardening, heat treating 
im tool maintenance. At present employed, and 
raisons for change are very good. Will furnish very 
good references. Address 12-15. 


CH MICAL ENGINEER desires position in the plant 
" aboratory. Three years’ experience in the chemical, 
Mysical and miero laboratory on steel and non- 
‘rous Work, Address 12-30. 





NANTED : A $10,000.00 salesman to represent a 
— heat resisting alloy manufacturer in De- 
Wt anc 


adjacent territory. Send full information 


‘eirding present employment, experience and educa- 
tion, Address 11-30, 


SALES REPRESENTATIVES wanted by manufac- 
turer of industrial oil burning appliances. The line 
is well established and has an enviable reputation in 
all fields. Consideration will be given only to high 
grade men who have clientele Among metal working 
industries. Give full particulars in first letter. Ad- 
dress 11-5. 


WANTED: Three salesmen, one each for Wisconsin, 
Michigan and Illinois. Our product is imported 
Swedish iron, hot and cold roiled, and genuine 
Swedish tool steel. We believe the right man has a 
splendid future. Address 11-40. 


WANTED: Hardener, primarily for hardening high 
speed steel. Steady work. Salary to start $140.00 
per month. Answer stating qualifications and refer- 
ence Pittsburgh district. Address 12-35. 





WANTED: Experienced practical heat treater com- 
petent to bandle entire department with capacity to 
heat treat upwards of 100 tons steel daily. Appli- 
cant must be experienced handling heavy work such 
as hammer dies, heavy alloy forgings, ete. Prefer 
practical man who is a student of metallurgy. State 
experience and education in detail, present and past 
positions, age, salary expected and references. Ad> 
dress 12-5. 


WANTED: Eperienced tool steel salesman. One who 
knows Michigan and Northern Ohio territories. Our 
mill is one of the oldest and manufactures a nation- 
ally known product. Excellent opportunities for the 
right man. Write stating age, experience and salary 
desired. Address 12-20. 


FOR SALE 


FOR SALE—Used Brinell Machine. Write Boston 
Gear Works, Norfolk Downs, Mass. 


FOR SALE—One Pittsburgh Instrument and Machine 
Company’s Style “Al” Brinell testing machine in 
first-class condition. Address the Columbus Gear and 


Pump Co., 318-350 East Second Avenue, Columbus, 
Ohio. 





FOR SALE: Exceptional Leeds & Northrup Furnaces. 
Juaranteed Brand New. Will seil at very great sac- 
rifice. L & N “Hump” Heat Treating Furnace— 
1 No. 8058 Furnace, inside dimensions, 8% inches 
in diameter and 22 inches deep. One No. 8551—F—S 
Recorder. L & N Drawing Furnace—1 No. 9262—24 


furnace, inside dimensions, 12 inches in diameter and 


24 inches deep. One No. 8970 Control Panel. One 
No. 8571—-D—-D—39 Controller. These furnaces were 
intended to through-harden automobile crankshafts 
made of ball-bearing steel which have been elimi- 
nated in the design and which has made the fur- 
naces unnecessary. They were used only in a test, 
for a few hours. Address 12-10. 
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of others. Consequently, this volume is based not only upon thy 
personal observation, but also on publications, and upon communi 
which individuals and firms have stated their experience, 

The book is divided into seven chapters, as follows: 

1. Fuels and Sources of Heat Energy. Gives information « 
the cost of a given amount of heat when produced by different fuels: 
fuel economically and with the correct quantity of air. 

2. Combustion Devices and Heating Elements. Deals with the . 
used to burn the different fuels and to convert electrical energy in 
devices for controlling furnace temperature and atmosphere. 

3. Control of Furnace Temperature. Devoted to the control ot 
temperature. 

4. Control of Furnace Atmosphere. Devoted to the effects ot 
atmosphere upon the charge and the control of furnace atmosphere. 

5. Labor-Saving Appliances. Describes and discusses in detail 
ing devices. 

6. Critical Comparison of Fuels and of Furnace Types. Offers : 
comparison of furnace types and of fuels (or energy supply). 

7. Selection of Fuel and Furnace to Sutt Plant Conditions. Deal 
the methods which should be used in the selection of furnace types, kind 
fuel, and auxiliary equipment to suit plant conditions. 

This volume is cloth-bound, 6x9 inches, and contains 405 pages 
figures. The price postpaid is $5.50. 


R. S. Poister, metallurgical engineer of the Electro Metallurgic: 
Corporation, has been promoted from the Cleveland to the Pittsburgh 
of the company to take the place of W. J. Priestley, who has been called 
take charge of the New York office. 


The Institute for Government Research is an association of citizens foi 
co-operating with public officials in the scientific study of government with : 
view to premoting efficiency and economy in its operation and advancing th 
science of administration. To this end, it seeks by the thoroughgoing stud) 
and examination of the best administrative practice, to formulate those prin 
ciples which lie at the basis of all sound administration, and to determine their 
proper adaptation to the specific needs of our public administration. ‘Tlie re- 
sults of its studies the Institute publishes in a series of Service Monographs. 

The Johns Hopkins Press of Baltimore has recently published ‘‘ The Burea 
of Standards,’’ Service Monograph No. 35, by Gustavus A. Weber. The 
volume contains three chapters and four appendixes, as follows: first, the 
history of the establishment and development of the service; second, its func 
tions, described by detailing its specific activities; third, its organization fo! 
the handling of these activities; fourth, the character of the plant; fifth, 3 
compilation of, or reference to, the laws and regulations governing its opera 
tions; sixth, financial statements showing its appropriations, expenditures and 
other data for a period of years; and finally, a full bibliography of t! 
sources of information, official and private, bearing on the service and its 
operations. 
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NEW FISHER POLISHING MACHINE 


An independent unit for pre- 

paring metal surfaces’ with 
which separate heads can be 
ysed so that the same machine 
may be used for either fine 
crinding or for polishing. 
” Thi polisher consists of a 
vertical motor with a polishing 
dise directly connected to the 
motor shaft. Motor is mounted 
on a ecireular cast-iron base 
which has three (3) legs and 
holes for attaching to a table. 
Mounted on the base, and sur- 
rounding the motor, is a cylin- 
drical nickel plated brass hous- 
ing. On top of this housing is 
bolted a nickel plated copper bowl which completely surrounds the polish- 
ing head. This bowl is provided with a drain which draws off the polish- 
ing liquid eaught in the bowl. It is also provided with a nickel plated 
copper cover which protects the dise from dust, when not in use. 

It has a 6 inch polishing head of finished cast iron with hard rubber 
lise on top, for holding the polishing felt. A special counterbalanced 
clamping device enables the operator to quickly attach or remove the felt. 

The motor can be operated on either 110 volts A.C. or D.C.; normal 
speed about 1700 r.p.m. 

Outfit supplied with polishing head and felt disc; with cord, pendent- 
switch and plug. Each, $95.00 


FISHER LEVIGATED ALUMINA 


for Metallographic Polishing 








This alumina is now recognized by the leading metallographists as the 
most satisfactory material for polishing metal surfaces for microscopical 


examination and photography, and is recommended in the newer text 
books on this subject. 


FISHER ALUMINA. Grade No. 1. For all hard metals. One ounce 

with 50 ounces of distilled water makes the correct polishing solution. 
Per ounce, $1.00 

FISHER ALUMINA. Grade No. 2. For medium hard metals. Especially 


suitable for east iron, bronze, brass and all nickel and copper alloys. One 
ounce makes 100 ounces of correct polishing solution. Per ounce, $1.40 


FISHER ALUMINA. Grade No. 3. For very soft metals and other metal 
specimens for investigation under highest possible magnifications. One 
ounce makes 150 ounces of correct polishing solution. Per ounce, $1.80 
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The book is clothbound, 6x9 inches in size, and contains 299 p: 
price is $2.00, 

A. D. Bach of the New England Metallurgical Corporation has 
the capital stock of the company since the sudden death of W. B. 
former president. The corporation will continue under the same 
will specialize in the heat treatment of all types of steel. 

Mr. Bach has been engaged in the steel business, in various ¢s 
for the past ten years and is a graduate engineer of Lehigh Universit 


The ‘Kloster Steel Corporation announces the opening of its offic 
warehouse at 1036 West Lake Street, Chicago, Illinois, as direct selling 
of Kloster Steel and Iron Works, Langshyttan and Stjernsund, §\ 
Complete Kloster high-grade Swedish Tool Steels, Swedish Hollow In , 
and Swedish Lancashire Iron will be carried in Chicago warehouse for prom: 
shipments. Direct import service on steels of every description will 
maintained through this office. 


iis 


Wilson-Maeulen Company, Inc., 283 Concord Ave., New York City, 
recently issued an attractively printed and illustrated pamphlet (Booklet 
P-110) entitled ‘‘The Automatic Electric Compensator for Pyrometer ( 
Junctions. This pamphlet gives a detailed description of how the automat 
electric compensator improves the Wilson-Maeulen pyrometers. 


Botfield Refractories Co., Philadelphia, have issued a series of fo 
advertising their Adamant fire brick cement for fire brick linings in 
burning welding furnaces and gas-fired boiler furnaces. One of these folders 
states that a user of Adamant fire brick cement in an oil-burning weldi 
furnace found that by the use of this cement the fire brick lasted 50 per 
longer, because Adamant produced a glaze which the welding flux would 
penetrate. 


The United States Civil Service Commission announces the following 
competitive examination: for positions of Assistant Scientific Aid, $1,5 
Junior Seientifie Aid, $1,320. 

Receipt of applications for these positions will close December 26 
date for assembling of competitors will be stated on the admission 
applicants after the close of receipt of applications. 

Full information and application blanks may be obtained from the U! 
States Civil Service Commission, Washington, D. C., or the secretary of 
board of U. 8S. civil-service examiners at the post office or custombouse in 
city. 


Effective November 10, 1925, Henry T. Chandler has been appoint 
assistant to the president, Vanadium Corporation of America. 

Mr. Chandler has been associated with the Vanadium Corporatio! 
ization since January 1, 1923, in the capacity of metallurgical engineer, wit! 
headquarters in Detroit. 

Mr. Chandler has had an extremely wide and varied experi: 
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Permanent Magnet Steel 


Composition is but one factor in the making of Permanent 
Magnet Steels. Thermal treatments before the steel goes to the 


customer are governing factors in obtaining proper values in 
finished magnets. 


Simonds magnet, steels are furnished in both Tungsten and 
Chromium grades in sheets, strips or bars. When required in 
the annealed condition, a special anneal is given, depending on 
the method of magnet manufacture. This anneal, while soften- 
ing sufficiently to allow of cold working or blanking, is so regu- 
lated as to prevent loss of magnetic properties. Ordinary an- 


nealing will lower perceptibly these important values. 


We maintain a magnetic testing laboratory for our own de- 
velopment work and to co-operate with our customers in helping 
them to produce a product of the highest quality. This service 
and our experience are available to those interested in producing 


high grade permanent magnets for meters, magnetos, radio work 
and the like. 


We welcome the opportunity to improve your product, and 
to solve any of your present problems. 


SIMONDS STEEL MILLS 
LOCKPORT, N. Y. 


rporation organ 
1 engineer, wit! | 
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iron and steel and automotive fields, and is today one of the foremost met) 
lurgical engineers in the country. 

Prior to his coming with the Vanadium Corporation, Mr. Chan 
engaged in research and development work in the automotive field. Froy, 
1914 to 1920, he was in charge of the research laboratory of the Ford Moto, 
Company, investigating alloy steels and their use in applied metallurgy; froy, 
1920 to 1923, with the C. R. Wills organization as metallurgical engineer, 

He received his technical education as follows: at the University of (aj 
fornia (two years), Massachusetts Institute of Technology (three years). 
Sorbonne, Paris, and the Polytechnic Institute, Zurich, Switzerland 
years), in physics, chemistry and metallurgy. 


‘ler Wag 


\ three 


While Mr. Chandler’s headquarters will be continued in Detroit, he wij 
in this broadened field have general supervision of the development and re 
search work in iron and steel at the plants of the Vanadium Corporation of 
America and its subsidiary, the United States Ferro Alloys Corporation. 


The Northern Engineering Works, of Detroit, Michigan, builders of North. 
ern ‘‘Standart-ized’”’ cranes and hoists, have recently announced a new men. 
ber of their electric hoist family, known as the Northern ‘‘Standart-ized 
HI-LIFT’’, 

This new hoist embodies all the essential features included in the 
Standart-ized five ton crane design, which has proven so successful and been 
one of the company’s biggest sellers. The design of the hoist meets all the 
up-to-date features and requirements, including simplicity, accessibility, ex 
tremely high lift, a feature regarded as most essential in the present day ap. 
plication of electric hoists, completely enclosed gears running in lubrication, 
gears made of hammered steel and case hardened. The drum which is of large 
diameter is of the grooved type. 

The hoist is provided with two brakes for holding and controlling the 
load, a top and bottom limit stop, roller bearings throughout. One especially 
outstanding feature of the construction provides that any standard make of 
motor can be applied. 

In bringing out this new hoist the Northern Engineering Works fee 
that they have covered requirements which have long been demanded of hoist 
builders, but which have never, heretofore, been embodied in one design. 


The United States Civil Service Commission announces the following open 
competitive examination: for the position of Junior Chemist. 

Receipt of applications for junior chemist will close December 26. The 
date for assembling of competitors will be stated on the admission caris sen! 
applicants after the close of receipt of applications. 

The examination is to ‘fill vacancies in the Federal classified service 
throughout the United States, including the Departmental Service at Washing: 
ton, D. €., and the Forest Products Laboratory of the Forest Service at 
Madison, Wis. 

Full information and application blanks may be obtained from the United 
States Civil Service Commission, Washington, D. C., or the secretary of the 
board of U. 8. civil service examiners at the post office or customhouse in any 
city. 
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Experiments with Nickel, Tantalum, Cobalt and Molybdenum 
in High Speed Steels— H. J. French and T. G. Digges 


Thermal Disturbances and Recrystallization in Cold-Worked 
Steels— V. N. Krivobok 


Steel Melting Session—Cleveland Convention 
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Proportion of Heat Treated Steel to Total Production— 
C. J. Stark 


Acid Open Hearth Steel Melting Practice— Radclyffe Furness 
Basic Open Hearth Practice— E. A. Whitworth 
Electric Furnace Steel— F, T. Sisco 


Effect of Cold Working on Endurance and other Properties of 
Metals, Part I and Part II— D. J. McAdam, Jr. 
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Te Kards peut Heat Treating Methods and Apparatus— C. B. Bellis | 
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Steel for Transmission Gears 


Our UMA No. 5 is a special purpose steel, designed to 
meet particular conditions. It is confined to a narrow 
range of analysis and produced with the idea of ulti- 
mate use in parts requiring a dense, uniform, hard steel. 


It can be annealed in continuous furnaces of proper de- 
sign, to desirable hardness and structure, in a few hours, 
and in batch furnaces in relatively short periods. It is, 
therefore, the most desirable of our UMA series for pro- 
duction of large quantities of automotive transmission 
gears. 


UMA No. 5 is the most suitable of the UMA series for 
hard, tough service such as shear blades, hammers, dies, 
rolls, and all places where hard surfaces must be backed 


up by maximum strength and toughness. 


Upon request, we will send a copy of our Agathon Alloy 
Steel handbook giving details and charts covering the 
entire series of UMA steels—made only by us. 


Weailso have daily pro- 
duction in all kinds of 
Agathon Alloy Steels 
such as— 

Nickel, Chrome- Nickel, 
Molybdenum, Chrome- 
Molybdenum, Nickel- 
Molybdenum, Vanadi- 
um, Chrome - Vanadi- 
um, Chromium, etc. 
Deliveries in Blooms, 
Billets, Slabs, Hot 
Rolled, Heat Treated, 
and Cold Drawn Bars, 
Hot Rolled Strips, etc. 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 


eee 


Peoples Gas Bldg., Chicago 


niversity Block,Syracuse § Widener Bldg., Philadelphia 
303 W. By Story Bidg., Los Angeles, California 
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Give your Chad 
firemen exact (@age4 
operating in- Sap 
® formation. | 
ety Willalso produce 
Alloy Steels ff 


ae accurate records 





enum, Nickel- , , 

um Yan on wide (ten inch) 

Beer charts. 

4 Drawn Bare, : 

— Save fuel by knowing your 
temperatures exactly 

on, Ohio Catalog 87-S Tells How 

Chicago Free on Request 
\g-, Philadelphia 


LEEDS & NORTHRUP COMPANY 
iT ENUE, PHILADELPHIA 





[J LeeDs & NORTHRUP 


Chicago, Ill. Los Angeles, Calif. San Francisco, Calif. Cleveland, Ohio 
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ROCKWELL 


HE Need of the Moment is for Higher Quality and Lower Cost o; 
Manufactured Products. 


F “TH any a 
; Se ik: 
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; 
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Single-Chamber Double-End Annealing Furnace 


Improvement may be brought about by better methods of heating 
handling, under the control of competent operatives or superviso1 
understanding the principles affecting the generation, application and transfe1 


of heat, can properly employ furnaces, fuel, electricity, pyrometers, et 
tools for the conduct of the ever-important work of “heat application.” 


For 35 years the Rockwell organization has devoted itself to the solution o! 
heating and handling problems in the non-ferrous industries. Our invalu- 
able experience and data are at your service in helping you improve the 
quality and lower the cost of your products. 


Write for Bulletin 242-C 


W. S. ROCKWELL COMPANY 


FURNACE ENGINEERS and CONTRACTORS 


BRANCHES 


Chicago Cleveland Detroit M 
Terminals Bldg. Union Trust Bldg. Majestic Bldg. 358 Beaver Hall Sq. 


British Representatives: Gibbons Bros., Ltd., Dudley, Worce., England 


FURNACES 
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Let’s Cut Out 


WE show in our catalog 
more than a dozen items of 
materials and equipment for 
the heat treating room and 
items similar to every one of 
these dozen are made by a 


dozen difterent concerns. 


Think of the waste of effort, 
BOHNITE—Special com- 
pound that can be used 


pound diet cam bo west waste of time and waste of 
widely used by leading 
manufacturers. 


money that results from a 


dozen different sources of 


supply. 


Frequent calls from the heat 
treating room to the purchas- 
ing department when one job 


is necessarily done a dozen 


THE CASE 
SERVICE 


2282 SCRANTON RD. 
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C1 


ut (Delays and Waste 





times—a dozen names looked 
up, a dozen orders dug out of 


the files. 


\ll to sell you what you can 
buy from us with one twelfth 
the effort. 


Let’s cut out these wastes, 
these delays. Send for our 
new catalog and get prices 
from us on compounds, pots 
and boxes, and all other heat 
treating needs. It is a move 
inthe right direction. Send 
for it right now—tear this 
advertisement out and hand 
it to your stenographer and 
tell her to “‘send for it.” 


HARDENING 
COMPANY 


CLEVELAND, OHIO 
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NEW BARIUM COM- 
POUND—We have devel- 
oped a process of making 
barium compound that is 
an improvement over any- 
thing we have seen. We 
also make barium con- 
pound to your specifica- 
tions. Write for inter- 
esting prices. 
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IMITATIO 


A SPASM 


by Chas. E. Carpenter, 


Near Editor 


T may be truthfully said that the above is a reproduction q 


photograph of myself. 


The face is of me; the cap borrowed; the body and headl 
on the shirt, the cane, spats and the pose, the imagination of 


artist who caricatured me. In other words, the cartoon is 


real; itisan IMITATION. 


The cartoonist supposed he was flattering me. He desire 
portray me as a sport. But no real sport ever looked like tl 
The get-up is that of a “tinhorn” sport, one who poses and sh 


his own praises, and the Lord knows I am not of that variety 


And so it is with the imitations of HOUGHTON’S PR 


UCTS; take carburizers, as an illustration. 


The imitators will claim that as HOUGHTON use 
charcoal as a base grain for their QUICK-LIGHT™* CAR! 
RIZER, and they also use wood charcoal, their product mus 


like unto the original. The charcoal of the imitation produc 
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xe unto the face in the cartoon,—the only original thing about 
be imitation—and even the charcoal is not of the same quality 


.isused in the original. 


You cannot take ordinary wood charcoal and dress it up and 
uM ake it real, any more than you can take my face and dress it up 
— jmake a real “‘Carps.” 


enter, 
[am what I am when I am portrayed as I am as a whole, and 
UICK-LIGH T* is what it is only as a whole. 
The nicety of proportions is a qualification which is too 
yroduction 


equently overlooked by the imitators of all things. A small 
tion of a poison may be most beneficial in a medicine where 


_ Birger portion would be deadly. 

ry and headli 

gination of : . os ‘ 
- ~BBlt is never necessary to cheapen the original in order to cut 

- cartoon is i. ae [3 

ice; that is a necessity imposed upon the imitators only. In 


ner words, “A little truth may be the greatest fallacy.” 


He desired 
poked like tl 


poses and shd 


$0 put this in your pipe and smoke it, when you are out fish- 


gand want food for meditation when they don’t bite. 


that variety 
E. F. Houcuton & Co., 


TON’S PR PHILADELPHIA AND ALL OVER THE WORLD 






uher;— 


ON use W 
EHOUGHTON LINE 


HT* C ARE oe 
ue Mark Reg. U. 8. Pat. Off. 
p rod uct mus 


htion produc 
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First— 
Uniformity 


S a basis, isn’t it Uniform- 
ity that you want most in 
Tool Steel? No matter how 
good a certain brand may be 
one time, if it isn’t that good 
every time its value to you will 
largely be lost. It is Uniformity that counts. 

In the Colonial mill, where the entire 
production is concentrated on fine Tool 
Steels, Uniformity is the constant watch- 
word. More than that, Uniformity is a 
Creed, a Creed in every step of the mak- 
ing. 

That is why, once suited in a brand of 
Colonial Tool Steel, you can go on and 
on using and relying upon that same 
brand. Years will show no change. You 
can foretell and depend upon your results 
as a certainty. 

It will pay you, pay you endlessly, to 
standardize on Colonial Tool Steels. 


Colonial Steel Company 


Pittsburgh Boston New Haven New York Philadelphia 
Cleveland Cincinnati Detroit Chicago St. Louis 
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Uniformity of Products 
Day after Day 


The exacting demands of accuracy and uniformity of products 
have gradually forced the eliminaton of dependence on the | 
human element for temperature control. | 


This motor-operated equipment automatically 
maintains a constant temperature in gas or oil-fired 
ovens and furnaces. It also regulates 
the flow of air and oil, gas, steam 
and other liquids. The design permits 
very fine adjustments. 


BRISTOL’S Motor 
Controller Valve 


has proven itself on hundreds of 
installations in those industries where 
heat treatment of metals is necessary. 
It is “trouble-free” and like all Bristol’s 
Instruments thoroughly adapted to 
practical use. For correct mixture of air and fuel-high combustion 
efficiency and greater uniformity and higher quality products, investi- 
gate the Bristol Motor Controller Valve and other Bristol’s apparatus. 










he Bristol Company, gitar Connecticut 
| TT FoR 36 Years Hf) 
se — 





ARS No aaxens OF] 
=~ tise vsn) os | 
ee E RDING ~~ ; 
BRISTOL a INSTRUMENTS 
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will help you solve your problems 
CG 


CHEMICALS in 


SERVICE SURFACE HARDENING 





Choose any one of our 


CYANIDE MIXTURES 
(Strength 30%, 45% or 73/76% NaCN) 


for the best results, your selection being 
dictated by plant conditions. 


The Cheapest Method if equipped to do so, is to make up your 


own bath as needed, using as a basis — 


CYANIDE SODIUM 96/98% 


guaranteed 51/52% cyanogen 
strength equal to 128/130% KCN 


Dilute with Soda Ash and Salt, to suit 


Our mixtures are also highly suitable for 
reheating after pack hardening 
Better heating medium than lead— 

prevent oxidation without charge 


Technical 


assistance rendered 


~ 
ROESSLERGHASSLACHER CHEMICAL} 


709 SIXTH AVENUE : NEW YORK 
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Would you put 
“just a little cyanide” 
NING in your drinking water ? 





HEN why not be as considerate of your steel and use an 

ideal liquid heating medium? “Lavite”’ is as neutral 

to metals at heat treating temperatures as water is to the 

human anatomy. “Lavite”’ does not change the analysis of 

the metal being heat treated, nor does the Lavite bath itself 

change with constant use. No bath containing any cyanide 

can possibly have these properties, because all cyanides 

evolve cyanogen, leaving products that have a decided de- 
carbonizing action on steel. 

When you use “Lavite” you will forget “soft skins,” sur- 
face cracks, or any periodic discarding or “rectifying” of 
the bath. 

Other advantages from using “Lavite” are: 





1. No scaling or oxidation. 
ke up your 2. Less distortion or warpage. 
, a basis — 3. Less grinding cost. 
4. Better Production per furnace. 
96/98 % 5. More uniform results. 
en 6. Less heat treating cost. 
o KCN 
Salt. to suit “Lavite” is supplied in grades that can be used for the 
=, heat treating of metals with temperature ranges of: 275°F 
—1200°F—1100° F—2000° F—2000° F—2500°F. 

State kind of metal you wish to heat treat and results 
you desire, and we will supply the proper grade with detailed 
instructions for using it on your work. 

chnical 
a THE BELLIS HEAT TREATING CO. 
ut charge BRANFORD, CONN. 









BELLIS LAVITE 


for HARDENING, TEMPERING, HEAT TREATING 


fICALC 


RK 
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SPENCER TURBO-COMPRESSORS 


GIVE 
LASTING SATISFACTION 


The Spencer line of Turbo-Compressors for 1 Ib., 142 Ib. and 2 Ib. pressures meets 
wide demand for an efficient equipment of the “slow speed” turbine type for ys¢ f 
supplying air for oil and gas burning furnaces, foundry cupolas, etc. 


It has no contacts nor even close clearances, hence no chance for wear. 


It is a direct connected, self-contained unit, hence no belts, gears or chains with their 
resultant losses and noises. 


It gives constant pressure with no pulsations and no surging. 
It operates at low velocity. 


The current consumption inherently decreases in proportion to reduction of volume 
of air used, eliminating all auxiliary governors. 


Motor End No. 1560 Turbo-Compressor 


The Spencer Turbine Co. 


HARTFORD, CONN. 
Ask your furnace manufacturer for details 
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Qver 5000 shops 


cattered throughout 


US and Canada began 
todays work wit 


tools made o 


Red Cut Superior 


HIGH SPEED STEEL 
Me Nationally known and Recognized 
First Quality Steel 


Vanapium Autoys Stee: Co~ LATROBE, Pa. 
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THE HIGH QUALITY AND UNIFORMITY 
OF HY-TEN ALLOY MACHINERY STEELS 
AND WHELCO TOOL STEELS HAVE BEEN 
IMPORTANT FACTORS IN THEIR CON- 
TINUED SUCCESS. 








IN ADDITION TO CONSTANT IMPROVE 
MENT IN THE OLDER GRADES, WE ARF 
ALWAYS STUDYING AND DEVELOPING 





NEW COMPOSITIONS AS CONDITIONS RE- 
QUIRE. THIS PROGRESS IS REFLECTED 
IN EVER INCREASING SALES. 


OUR STEELS ARE THUS ALWAYS KEPT 
ABREAST OF THE TIMES AND YOUR 
ADOPTION OF HY-TEN AND WHELCO 
INSURES CONSTANT IMPROVEMENT IN 
YOUR OWN PRODUCTS. 








oD) 


WHEELOCK, LOVEJOY & CO., Inc. 


CAMBRIDGE - NEW YORK - CLEVELAND - CHICAGO 
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| ROCKWELL HARDNESS TESTERS 
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: ee E are glad to 

Site note that the 

3 Rockwell Testing 

: Machine is coming - 

: into increased use in AS : 
: other plants. =< 


“We use this ma- 
chine primarily for 
raw material inspec- 
tion to insure’ that 
all our strip and tub- 
ror. img meets with our 
specifications as to 
hardness. 


“We are very glad that we have purchased this machine.” 
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gned) Hollow Ball Co. Inc. by F. J. Lamb, Factory Supt. 


TOO 


WILSON-MAEULEN PYROMETERS 
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HEN it comes to apparatus that you 

rely upon to do some important thing 
automatically, as you depend upon a py- 
rometer controller, then surely you need 
equipment of good design and showing good 
instrument work. 

We originated the multiple unit control 
operated from a single standard motor for 
simplicity and robustness. 

Each control unit is likewise designed for 
exceptional robustness and simplicity for 
your benefit. 
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CARBOFRAX HEARTHS 
GIVE AN INCREASED PRODUCTION 


OU get far more production out of a furnace 
equipped with a Carbofrax Hearth. 
There are several reasons why. 
In the first place you can load your burning chamber 
to capacity, for with a Carbofrax Hearth you get a 
uniform distribution of heat throughout the chamber. 

Its remarkable heat conductivity takes care of that. 

There is no “‘ hot spot.’” You can load the chamber 
from door to back. 

Because of its great, mechanical strength, a Carbo- 
frax Hearth will permit your increasing the load with- 
out fear of the hearth sagging or buckling. 

Then, too, you get an increased production because 
the Carbofrax Hearth stands up longer without soft- 
ening, spalling or cracking. The need for frequent 
shut-downs for repairs is eliminated. 


[GLAD TO HAVE YOU CONSULT WITH OUR SALES ENGINEERING DEPARTMENT] 


CARBOFRAX 


THE CARBORUNDUM REFRACTORY 


Brick and Tile for Boiler and Furnace Settings; Muffies 
for Enameling Furnaces; Hearths for Heat-Treating 
Furnaces; Cements for all High Temperature Work 


THE CARBORUNDUM COMPANY,.PERTH AMBOY, N. J. 


Williams & Wilson, Ltd., Montreal Pacific Abrasive Supply Co., San Fran‘ 

Harrison & Co., Salt Lake City Standard Fuel Engineering, Detroit 

Strong, Carlisle & Hammond, Cleveland Chicago Flexible Shaft Co., Chicago 
General Furnace Co., New York-Philadelphia 
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with less-experienced help 


The use of an electric furnace for heat treating 
results in an improved product. That this can 
be accomplished with inexperienced help, is not 
always realized, but the Stockbridge Machine 
Co., at Worcester, Mass. found it to be true. 


Desired results from the G-E Electric Furnace 
are not dependent upon an operator’s judgment 
—the Automatic Temperature Control does the 
thinking. And with Direct-Heat Units, uniform- 


ity of temperature throughout the furnace 
chamber is assured. 


With this furnace, Stockbridge did its own 
carburizing for the first time. For this work the 


noe ei furnace is run continuously —3 heats - — 
ne on 
within its radius of useful- ? ; 

ness—makes working condi- : 
industrial Eieeties ‘Goncuak: Mr. Beeman, General Manager, when asked his 


ists located in every G-E opinion of this furnace said, ‘‘We are more than 
sales office have complete in- 


formation, satisfied. - 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK 
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JUST OFF THE PRESS 


Industrial Furnaces 


VOLUME II 


Fuels, Furnace Types and Furnace Equipment 
Their Selection, and Influence upon 
Furnace Operation 





by W. TRINKS 


Professor of Mechanical Engineering, Carnegie Institute of Technology 


CONTENTS 


Chapter I—Fuels and Sources of Heat Energy 

Chapter II—Combustion Devices and Heat Elements 

Chapter II1I—Control of Furnace Temperature 

Chapter IV—Control of Furnace Atmosphere 

Chapter V—Labor-Saving Appliances 

Chapter VI—Critical Comparison of Fuels and of Furnace Types 


Chapter VII—Selection of Fuel and Furnace to Suit Plant Conditions 





Vol. I. 319 pages. 6x9. 255 figures. Cloth. Price, $4.50. 
Vol. II is nevertheless complete in itself. 405 pages. 6x9. 292 figures. 


Cloth. 
PRICE 85 i 50 POSTPAID 


SEND $10.00 FOR BOTH VOLUMES 


SEND ORDERS TO 


AMERICAN SOCIETY for STEEL TREATING 


4600 PROSPECT AVENUE CLEVELAND, OHIO 


When answering advertisements please mention ‘‘ Transactions’’ 
































ADVERTISING SECTION 19 


095 


fi ethlehem Tool Steels Give 
| Performance 






Section of Billet 
Grinding Department 3-Ton Electric Furnace Billet Cogging Mill 


ETHLEHEM Tool Steels are made under the most favorable con- 
ditions—conditions peculiar only to Bethlehem. 


As a unit of a large steel organization with its great machine shops, 
rolling mills, bolt and nut plants, mines and railroads, the Tool Steel 
plant has at its command vast resources, extensive research labora- 
tories and the benefit of a wealth of steel making knowledge with 
which to work. 


Therefore, with a practical knowledge of what is required of various 
grades of Tool Steels, Bethlehem Tool Steels are scientifically devel- 
oped to meet all conditions for which intended. They are put into 
actual service tests in the various departments where they are given 
severe usage. In these tests the steels must prove themselves fit for 
the particular use. 


When you buy Bethlehem Tool Steels you buy steels of known per- 
formance and are protected by these service tests against inferior 


quality. 

Types A Grade of Bethlehem Tool Steel for Every Purpose 

‘Onditions Bethlehem Special High Speed Tool Steel Bethlehem Superior Hollow Drill Steel 
Bethlehem Finishing Tool Steel Bethlehem X Hollow Drill Steel 
Bethlehem XXX Special Tool Steel Bethlehem Permanent Magnet Steels 
Bethlehem Superior Tool Steel Bethlehem No. 5 Nickel Steel 28.50-31.00% 
Bethlehem XX Tool Steel Bethlehem No. 6 Nickel Steel 34.00-36.00% 
Bethlehem XCL Tool Steel Bethlehem No. 57 Hot Work Tool Steel 

2 figures Bethlehem X Tool Steel Bethlehem No. 445 Hot Work Tool Steel 

, Bethlehem Tool Room Oil Hardening Tool Steel Bethlehem Stainless Steel 


Bethlehem Stainless Iron 


BETHLEHEM STEEL COMPANY, General Offices: BETHLEHEM, PA. 
District Offices: 


New York, Boston, Philadelphia, Baltimore, Washington, Atlanta, Buffalo, Detroit, 
Pittburgh, Cleveland, Cincinnati, Chicago, St.Louis, San Francisco, Seaitle, | Los Angeles 


Bethlehem Steel Export Corporation, 25 Broadway, New York City 
Sole Exporter of Our Commercial Products 


: BETHLEHEM 
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Yours — but not on 
your payroll 


If the steel you use in your product is 
not of sufficient volume to warrant 
your maintaining a metallurgical staff 
for studying your individual steel re- 
quirements, remember that the Inter- 
state staff of metallurgists is yours for 
constant counsel without obligation. 
These men are here for that purpose 
and their experience and knowledge 
will serve you well. 


INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 
CHICAGO 


Hnterstate 
Steels 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Rods, Wire, Nails, Rivets and Cut Tacks 
Iron Bars and Railroad Tie Plates 


When answering advertisements please mention ‘‘ Transactions’’ 
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What Do You Know About 
the 


Heat Treatment of Steel? 


A Booklet You Should Read 


HAT is the “decalescence” 
point in the heat treat- 
ment of steel? What is 


know the proper hardening tem- 
perature for high speed steel? 


All of these points are discussed, 
and much other valuable detailed 
information is given, in a treatise 
entitled “The Cooling of Quench- 
ing Oil in the Heat Treatment of 
Steel,’ which has just been pub- 
lished by The Griscom-Russell Co., 
97 West Street, New York. Any 
executive may obtain a copy free 
of charge by writing for it on his 
own or on his company’s letterhead. 


The first of the three principal 
operations in the heat treatment of 
steel is HARDENING, or quench- 
ing, and is the operation of quickly 
plunging steel, which has been 
heated in a furnace to a point above 
its critical temperature, in a cooling 
bath of brine, water or OIL. 


The effect of quenching is to 
arrest or fix by rapid cooling certain 
changes in the internal structure of 
the steel which occur when the 
temperature passes above the crit- 
ical range. 


Modern practice provides for 
continuous rapid circulation of the 
quenching oil and for cooling ex- 


ternal to the tanks. The engineer- 
ing and designing staffs of The 
Griscom-Russell Company, after 
having devoted years of study and 
experiment to this problem, finally 
perfected the G-R Multiwhirl 
Cooler. Some of the advantages 
of this cooler are as follows: 


(1) Patented Helical baffle—long 
smooth oil path— minimum pressure 
drop. (2) Tube bundle remove- 
able—facilitating inspection and 
cleaning. (3) Tubes expanded into 
tube plates—no sweated joints. (4) 
Floating head construction - no ex- 
pansions strains on tube joints. (5) 
Outside packed head—this construc- 
tion eliminates any possible leakage 
of water into oil, through faulty 
packing. (6) Compactness of unit— 
this is permitted by the high rate of 
heat transfer secured in the Multi- 
whirl Cooler. (7) Installation in 
any position—the G-R Miultiwhirl 
Cooler may be installed in any posi- 
tion with equal efficiency. 


The following organizations are a 
few of those who have adopted 
G-R Multiwhirl Coolers for cool- 
ing quenching oil. 


American Fork and Hoe Co., Buick Motor 
Co., Cadillac Motor Co., Doehler Die Cast- 
ing Co., Falk Co., Ford Motor Co., Hughes 

ool Co., Hyatt Bearings Division of Gen- 
eral Motors Corporation, Ingersoll-Rand 
Co., Maxwell Motor Co., Nash Motor Co., 
Packard Motor Co., 


If your industry touches the heat 
treatment of steel do not fail to 
write for a copy of the treatise. 
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The First Steel (ompany in cAmerica 
To Make Both 


STAINLESS STEEL 


and 


STAINLESS IRON 


has developed laboratory precision 
ona production basis in selection of 
materials, in furnace technique, in 
forging, rolling, and in the exacting 


inspection of its products 


You may profit by this experience 


SPECIFY BRAND 


Manufactured by 
FIRTH-STERLING STEEL COMPANY 
Me Keesport, Pa. 


NEW YORK 


BOSTON HARTFORD 
CHICAGO CLEVELAND 


SAN FRANCISCO 


PHILADELPHIA 
DETROIT 
LOS ANGELES 


Licensed under the patents of the American Stainless Steel Company 


and 
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AMERICAN SOCIETY FOR STEEL TREATING 
FOUNDER MEMBERS 
‘7E0DORE E, BARKER ARTHUR G. HENRY WILLIAM P. WoopDsIDE 
Oak Park, Ill. Chicago 
HONORARY MEMBERS 
Sir _RoBERT HADFIELD, Bart., F.R.S London, England 
ALBERT SAUVEUR, Se. D Cambridge, Mass. 
JoHN ALEXANDER MATHEWS, Se. D New York City 
Henry LE CHATELIER 
Koraro Honpaé, Se. D 
CHARLES F. BrusH, Se. D 


Detroit 


Paris, France 
Sendai, Japan 
Cleveland 


HENRY MARION HOWE MEDALISTS 
EMANUEL J. JANITZKY 


FraNois F. Lucas 
HoracE H. LESTER 


RULES GOVERNING THE AWARD OF THE HENRY MARION HOWE MEDAL 


The Board of Directors of the American Society for Steel Treating has established a 
fund to be known as the Henry Marion Howe Medal Fund, the proceeds of which shall be 


used annually to award a gold medal to be known as the Henry Marion Howe Medal. 
The award will be made as follows: 


(1) The medal will be awarded to the author of the paper which shall be judged to 
be of the highest merit. All papers in order to be considered must be published originally 
in the TRANSACTIONS of the Society during the twelve months ending August lst of 
the year in which the medal is awarded. 


(2) The competition for the Henry Marion Howe Medal shall be open to all. 
(3) The award shall be made by the Board of Directors. 
(4) Tho award may be withheld at the discretion of the Board of Directors. 





SUSTAINING MEMBERS 
The following firms and individuals, because of exceptional interest in 
the work of the Society, have contributed not less than $25.00 
each year for the promotion of its objects 


NATIONAL 
pie Ee en 2 Oe a ee Sheffield, England 
COLUMBIA TOOL STEEL CO. Chicago Heights, Ill. 
GENERAL ALLOYS Co., H. H. Harris, President 
KELLY AXE MFG. CO., W. C. Kelly, President Charleston, W. Va. 
PELICAN WELL TOOL AND SUPPLY CO., M. G. Stewart, Manager Shreveport, La. 
SIMONDS SAW AND STEEL CO. Lockport, N. Y. 
VANADIUM-ALLOYS STEEL CO., W. S. Jones, Vice-President Latrobe, Pa. 
Ve ee a rahe ie cap paib 0.0 olv.0 60 vc ¥ce cece teveteved Aliquippa, Pa. 


BOSTON CHAPTER 


BLAKE AND KNOWLES WORKS Cambridge 
EDISON ELECTRIC ILLUMINATING CO., J. L. Faden, Industrial Heating Eng. ....Boston 
EVANS STEEL CO., H. D. 

SI oc OSE eC SUS a a Ee eres csc e cece cecowesceeveont ess South Boston 
GRAY & DAVIS. INC., G. J. Lang, Vice-President Cambridge 
HARTEL BROTHERS & CO. 

HAWKRIDGE BROTHERS CO., L. D. Hawkridge, Vice-President 

HOUGHTON & RICHARDS, INC., George A. Mahoney, Treasurer 

LORD ELECTRIC CO. 

McDONALD CO., P. F., P. F. McDonald, Jr. 

SANDERSON CO., E. P., Robt. H. Sanderson 

TRIMONT MFG. CO., Charles C. Ely, Treasurer 

UNION DRAWN STEEL CoO., J. 

WARD’S SONS CO., EDGAR T. 

WESTINGHOUSE ELECTRIC AND MFG. CO. 

WETHERELL BROTHERS CO. 

WHEELOCK, LOVEJOY AND CO., INC. 





TRANSACTIONS OF THE A. 8. S. T. 


CHICAGO CHAPTER 


ATLAS FORGINGS CO., John T. Georgeson, Pres. ...........eccecececececcccece Cicero, 1) 
ATLAS ALLOY STEEL CORP., Harry Hardwicke, Dist. Sales Mgr. .......... Dunkirk, N Yy 
COLUMBIA TOOL STEEL CO., E. H. Pasmore, Mgr. .......cccccceccccceccccce.., Chlleten 
DRIVER-HARRIS CO., H. D. McKinney, Dist. Mgr. 

GOSS PRINTING PRESS CO., M. W. Brueshaber, 2nd Vice-Pres. 

INGALLS-SHEPARD DIVISION OF WYMAN & GORDON CO. 

INTERNATIONAL HARVESTER CO. 

PERFECTION TOOL HARDENING CO. 

STROM BALL BEARING MFG. CO., F. R. Schubert, Wks. Mgr. 

WESTERN CLOCK CO., J. A. Reinhardt, Met. 


CINCINNATI CHAPTER 


AHRENS-FOX FIRE ENGINE CO. 

ALLIS-CHALMERS MANUFACTURING CO. 

AMERICAN ROLLING MILL CO. Middletown, 0 
i ee ie tines te hehe a neasrecene’ns Newport, Ky. 
CINCINNATI BICKFORD TOOL CO., A. H. Tuechter, President Cincinnati 
ey ee G0, © nino nnd ob aoe b Mba wdiehow Ge scleegeceec ces Cincinnati 
DRESES MACHINE TOOL CO., Charles E. Gilbert, Pres. and Gen. Mgr. .......... Cincinnati 
GRUEN NATIONAL WATCH CASE CO., Carl W. Bieser, Supt. ................. Cincinnati 
LODGE & SHIPLEY MACHINE TOOL CO., Fred Schoeffler Cincinnati 
NILES TOOL WORKS CoO., John W. Bolton Hamilton, 0, 
POLLAK STEEL CO. 

TOOL STEEL GEAR & PINION CO. Cincinnati 
U. S. PLAYING CARD CO. 


COCO ERCAPOROERETOO SEEDED CRASHES ORCCEEe EEL OOSe LO. Cincinnati 


CLEVELAND CHAPTER 
BIDLE CO., W. §S. Cleveland 
CASE SCHOOL OF APPLIED SCIENCE, Dept. of Met. & Min. Engr. Cleveland 
CLEVELAND WIRE SPRING CO., Chas. H. Erickson 


ath eed Ae aledy Ake ote Ake 40 60 0 Cleveland 
COLUMBIA TOOL STEEL CO., G. C. Beebe, Dist. Mgr. 


Chicago Heights, Ill. 
ee nn dk od ae asin’ 40 hb a0 Ghia s +ad BPs Gdinine o0% 000000 Cleveland 
WHEELOCK, LOVEJOY AND CO., INC., E. C. Bartlett, Dist. Mgr. .............. Cleveland 


DETROIT CHAPTER 
ALLEGHENY STEEL CO. 


Brackenridge, Pa. 
PS SR a ee, ee ee ee Jackson, Mich. 
BETHLEHEM STEEL CO. 
BLAICH CO., ALFRED O., J. A. Howland 
CENTRAL STEEL CO., Arthur Schaeffer, Dist. Sales Mgr. ............-2-020:: Massillon, 0. 
COLUMBIA TOOL STEEL CO., Alex. Luttrell, Dist. Mgr. .............c.cceeeeeees Detroit 
DEARBORN CHEMICAL CO., ©. I. Loudenback, Rep. 
DRIVER-HARRIS CO., W. E. Blythe, Dist. Mgr. 
ELECTRIC FURNACE CO., F. J. Peterson, Sales Engineer ............252eeee0ee> Salem, 0. 
FLOYD CO., F. H., R. K. Floyd, Gen. Mgr. 
Pe Cn ie in ie ee I I I 0 ric ccc ccesokpeteesesicdeieee Wyandotte, Mich. 
GENERAL ALLOYS CoO., A. L. Grinnell, Detroit Mgr. 
GOODENOW FURNACE CO., F. J. troit 
HALCOMB STEEL CO., Arthur Schroeder, Dist. Mgr. ..........ceeeeeeeaeee Syracuse, N. Y. 
HARDITE METALS, INC., Robert G. Berry, Dist. Mgr.................. New York City 
HOLCROFT CO., H. L. Ritts, Sales Mgr. 
HOUGHTON & CO., E. F., H. E. Cressman, Dist. Sales Mgr. ..........-seeeeeeees Detroit 
HUDSON MOTOR CAR CO. 
HUPP MOTOR CAR CORP., F. E. Watts, Rep. 
KANT SKORE PISTON CO., B. J. Plumley, Dist. Mgr troit 
LERBDS & NORTHRUP, A. PF. Moramty, Rep. 2. ccccccccsccccccccccsccccccess Philadelphia 
LUDLUM STEEL CO., J. E. Polhemus, Dist. Mgr. ..........00eeeeeeeeeeee Watervliet, N. Y. 
MACKINTOSH-HEMPHILL CoO., J. A. Corfield, Dist. Rep. ............. eee cece Pittsburg! 
RICH TOOL CO. Detroit 
ROCKWELL CO., W. 8., M. L. Hollister Detroit 
RODMAN CHEMICAL CO., G. A. Webb, Dist, Mgr. .......ccccecsccceccccccccncss Detroit 
ROESSLER & HASSLACHER CHEMICAL CO., Alfred C. Stepan, Dist. Mgr. ..New York City 
SWEDISH CRUCIBLE STEEL CO., H. K. Nixon, Rep. ....... 22. ceeeeeeceeccececes Detroit 
VANADIUM ALLOYS STEEL CO., A. F. MacFarland, Dist. Mgr. ..........-+-: Latrobe, Pa. 
WEEIPORD, J. We. occ 000000000000 6cccesteedesswwe eUdwale ckccsccedsccts Lansing, Mich 


GOLDEN GATE CHAPTER 


AMERICAN FORGE CO., Joseph Eastwood, Pres. San Francisco 
LUDLUM STEEL CO., George Batten, Sales Mgr. San Francisco 
J. H. KNAPP, J. R. Gearhart, Mgr. San Francisco 


HARTFORD CHAPTER 
CARPENTER STEEL CO., C. W. Olson, Dist. Mgr. ...........cccceceeeeecess Reading, Pa. 
COLLINS CO. Collinsville, Conn. 
COLUMBIA STEEL & SHAFTING CO., H. C. Booth, Rep. Hartford, Conn. 
FIRTH-STERLING STEEL CO., Henry I. Moore Hartford, Conn. 
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HARTFORD CHAPTER (Continued) 


HARTFORD CITY GAS AND LIGHT CO......... cc cece cere ee ceeneeeee Hartford, Conn. 
HARTFORD ELECTRIO LIGHT CO... nc ccccccccccrccccccccccsscccvecs Hartford, Conn. 
McINTYRE MACHINE CO., John J. McIntyre..............2c cc ceceeeeees Hartford, Conn. 
NEW DEPARTURE MFG. CO. (Plant A), Carl Anderson...............0005. Bristol, Conn. 
NEW DEPARTURE MFG. CO. (Forge Plant), F. Mayer...............0.08. Bristol, Conn. 
NEW DEPARTURE MFG. CO. (Plant C), F. Casey...............ceeece. Elmwood, Conn. 
NEW DEPARTURE MFG. CO. (Plant C), Patrick Pepper...............4.. Elmwood, Conn. 
PRATY GE MP es 6 wae O Se si00'8 95 566650 WNW S00 50 6 oss oid 6-00 eens Hartford, Conn. 
DOCK Wi EEE, En ows nee owt oo sno 5 cs nig Ghides oc deine vee Hartford, Conn. 
HENRY Gee eeenR IEE INOS (OO on oo cc ccc ccc wecewisccecsccte esses Hartford, Conn. 
SPENCE sername ©0., G. TE, Pins, Beez... .cccccceccsvccesccesceser Hartford, Conn. 
STANLEY WORKS, Malcolm Farmer, V. Pres. and Gen. Mgr............. New Britain, Conn. 
UNDER Were, ee ee ON, Be os cc nceccconcasnesewccscccccees Hartford, Conn. 
UNION BORA oe wamemes OC. Re. M. Mewmam, Becy. 2. ccccccccsvvcvwscevcces Hartford, Conn. 
WHITE Bee ey ee Sy I, Sa orn oc. 's cece o0nd ectceneseas Hartford, Conn. 
_ INDIANAPOLIS CHAPTER 
ape Ae | 6 ae ee OR ee eee ee Boston 
ROSS GEAR & TOOL CO., David E. Ross, Vice-Pres. and Gen. Mgr........... Lafayette, Ind. 
LEHIGH VALLEY CHAPTER 
BIT FL I Cs Oosawa See enis wows Wt oe 4s we pe deseds's Bethlehem, Pa. 
CARPE TIN snbacovschssdpadossceba ct edbhbibodhavnenvndedias Reading, Pa. 







AXELSOUW TRAGMIEE O06 oc cc ccc c cee cse reise scsicsiiiccccccsescecccenccs Los Angeles 
KNAPE. Gel Moweeb ee dca dNewwb nee wwe es cae awecGcpeccavececesences Los Angeles 
LU DIA es, he We a i, DR aaa 5 iss 5 ie oe eccrine clo ces eed Los Angeles 
REGAN WPOGee Ge Mere Ge nin sic bk svc canccc cesses ccccccccses San Pedro, Cal. 
WESTERN MACHINERY WORLD, M. C. Smith, Rep..............ccc cv ccoee Los Angeles 
MILWAUKEE CHAPTER 
HOUGEE tie cg Es Bs iS Ri nn 5 Stick ccc iccccccccvces Milwaukee 
RET Te a i ee a i oe cas o oin.8 3 4.5.0 9 acre. cc emeee cee Milwaukee 
WESLEY STEEL TREATING CO., Charles Wesley, Sr., Pres...............2008:. Milwaukee 
NEW HAVEN CHAPTER 
BELLIS HEAT TREATING CO., Major A. E. Bellis.................... New Haven, Conn. 
BEE I We So Winns Cal 0 6 0 bebe o600-r cere csgoeseeee Waterbury, Conn. 
CHASE Se I, Os. Ch caw dh db we seks concccccccnpecs Waterbury, Conn. 
EASTERN MACHINE SCREW CORP., T. W. Ryley, Treas............... New Haven, Conn. 
FARREL FOUNDRY & MACHINE CO., INC., Carl Hitchcock, Asst. Secy......Ansonia, Conn. 
GEOR, ns hn 6 aca eh EA wand ab dn cite dbase te eee c ccc coe New Haven, Conn. 
HEPPENSTALL FORGE & KNIFE CO., C. J. Sauer, Gen. Mgr.......... Bridgeport, Conn. 
INDUSTRIAL GAS EQUIPMENT CoO., F. I. Newton, Secy.............. New Haven, Conn. 
PAGE. Se es 8. cae base 6) oo bes woe een New Haven, Conn. 
REPUBLIC FLOW METERS CoO., Frank A. Hall, Sales Engr.............. New York City 
SEYMOUR MANUFACTURING CO., E. T. Humphreys, Special Rep......... Seymour, Conn. 
SOUTHINGTON HARDWARE CO., William E. Smith, Fe ea Southington, Conn. 
UDDEGeee Gree er Meee, Wh. BA. V. PUMA. cc ccc cc ccc ccccccesccce New York City 
WINCH UU ONUE MANUS OE oie oon oct ceteetoccescccccces New Haven, Conn. 
NEW YORK CHAPTER 
BA DOG ee ES CU, 0 o's aici s nek beat ark Db Aelbab'd Vale 0 eo 00.44.20 4 0 0 608 New York City 
CLIMAX MOLYBDENUM CO., J. D. Cutter, V. Pres. and Metallurgist...... New York City 
CRESCENT WASHING MACHINE CO., C. S. Tomkins................ New Rochelle, N. Y. 
CRUCIBLE STEEL CO. OF AM., E. C, Collins, President................+. New York City 
CRUCIBLE STEEL CO. OF AM., Alexander T. Galbraith, Mgr. of Sales...... New York City 
DRIVER-teeeeee OG., J. T,. Binetag, Talat Teme nc oc wicc ccc ccc ccwccccccscece Harrison, N. J. 
FIRTH-STERLING STEEL CO., Donald G. Clark ............0eeceeeeeees New York City 
GENERAL AIZsOYS OO., BR. M. Kink, Bep.... 2.0 cc cccccccccccccccsccces New York City 
HEVI-DUTY ELECTRIC CO., E. L. Smalley, Pres. ............0-eeeeeecceccees Milwaukee 
INTERNATIONAL NICKEL CO., A. J. Wadhams............-0.. eee eeeee New York City 
LEITS, (See ees is NG IS od oO 9.0 6 5.0% cba cavedccceccsccccccves New York City 
0. K. TOOL CO., R. S. Young, Metallurgist............. 0. see e cere cee eeees Shelton, Conn. 
REPUBLIO FLOW METERS CoO., Frank A. Hall, Sales Engr. .............. New York City 
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CHICAGO 
Otis Building 


YEAR ago this month, The Steel 

Products Company, of Cleveland 
changed a large pyrometer installation 
so that the meters could be operated 
with CHROMEL couples. Mr. Kerslake 
says they did this “to gain a sensitive 
thermo-couple at high or low temper- 
atures.” 


He says further: “We have very 
little trouble with the CHROMEL 
couple when used up as high as 2200° 
F.” In this case, the CHROMEL 


CAccurate ! 


couples, No. 6 ga., replaced platinum. 

Thus, CHROMEL couples have the 
advantage of being both sensitive and 
accurate over a long temperature range. 
They are but very slowly affected by 
furnace gases, and are durable. 


By using Hoskins Pyrometers you get 
all these advantages of CHROMEL 
couples. Or your pyrometer manufac- 
turer will change your present meters 


to fit these couples. Send for Catalog 
No. 34. 


eee 


HOSKINS MANUFACTURING CO. 


4430 LAWTON AVENUE 


CLEVELAND 
Leader-News Building 


Canadian Rep. : 


BOSTON 
Park Square Building 


DETROIT, MICHIGAN 


NEW YORK 
Grand Central Term. 


Hiram Walker & Sons Metal Prod., Ltd., Walkerville, Ont. 
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BOX BULLETIN SUPPLEMENT PAGE III 


Is the Carbonizing Compound 
Manufacturer Entitled 
to Fair Play? 


1 large number of boxes fail, fall =m short of their Guarantee. This manufacturer 
blames the CARBONIZING COMPOUND in a number of cases,—and has tried to get 
certain large manufacturers to change compounds, which, chemically and metal- 
urgically are giving perfect satisfaction. 


Ra the past few years a composers manufacturer of Carbonizing Boxes has had 


SUCH A POLICY IS UNFAIR TO THE COMPOUND MANUFACTURER 


If this Alloy Manufacturer desires to criticize the products of several well known 
compound makers, this criticism should be made before the Customer is sold 
carbonizing boxes which won’t stand up with his compound, instead of handed 
an alibi after he has bought the boxes. 


If this Manufacturer’s product is unfitted for use with Carbonizing Compounds 
ised by from 20% to 40% of all users,—he should get wise and make boxes that 
will Stand the Gaff,—or not sell his boxes where he knows, or should know, they 
won't stand up. 


If he does “Pull a Boner” and sell boxes to a concern whose practice is too stiff 
for them,—he should. take his licking without whining,—and make adjustment 
with the customer, SHOULD HAVE INVESTIGATED THE USER'S CON- 
DITIONS BEFORE R ECOMMENDIN NG HIS PRODUCT. 


THERE IS NO HEAT TREAT ANYWHERE BUYING COMMERCIAL COMPOUNDS 
FROM ESTABLISHED MANUFACT 4 VHERE Q-ALLOY BOXES HAVE FAILED. 


Unce we sold some aan to a Cleveland concern which makés its own compound 
With a great excess (approximately 27%) of energizer, these boxes were eaten chem- 
ally and failed in six months. Other alloys failed in less time. WE MADE A CASH 
REBATE, The other alloy manufacturers passed the buck. This is a freak compound, 
ttied and’ abandoned by several other companies. We know of no other concern using 
iiything like it. We had grounds to pass the buck, for the user didn’t notify us 
mtil the boxes were too far gone to use,—but we took our Medicine. 


F THE ALLOY MANUFACTURER YOU BOU GH! T YOUR BOXES FROM STARTS 
1 KICK ABOUT YOUR COMPOUN ID AFTER HAS TAKEN YOUR MONEY,— 
MAKE HIM SETTLE, -AND—NEX TIME BUY SS THAT WILL STAND UP,— 


ADE BY A CONCE THAT w ILL STAND ND THEM. You guessed it, 
"4 OVS 


Q-Alloy boxes are giving satisfaction with all standard Compounds, both “Sedium” 
id “Barium” Energized. 


General Alloys Company 
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finlrroft Again 


HE X-ite cast Element Rack, a vital part of the famou: 
Drawer Type Removable Heating Elements,—shown on tl 
far better rack than its predecessors. G. A. Co. Foundry Practic; 


possible the casting of this rack in one | 
six feet long. Former racks were c: 
pieces and welded together. 


This Rack is made up of a total of 0 
4” X-ite in strip section cast in one | 
another example of the kind of casting 
don’t make,—and is one of hundreds . 
why hundreds of Customers have tu 
for castings after trying competitive p: 
On a recent Holcroft order we supplied 
ings of the same pattern, and turned the: 
the rate of 700 per day. On another | 
order we received the print Frida 
worked two Pattern Makers all day 
and Sunday on a pattern for a five 
for a Rotary Hearth Furnace, and ha 
ings in Detroit Thursday Morning 

car freight. 


On another Holcroft order a solid carlo 
ly a thousand castings from 31 different 
was shipped as a unit, all ready for erect 
Customer’s plant. 


We have been giving the same class 
and this typical Q-Alloy service to s 
leading furnace builders for several 
service is essential to them, for the) 
tion crews working on schedule and 
money. 


THE POINT OF THE ABO\ 

GRAPHS IS: IF YOU SPECIFY 

OR X-ite FURNACE PARTS YO! 
NACES WILL BE ERECTED ON SCHEDULE. Bette: 


will run on production schedule for many years to come. 
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Elertric Hurnare Company 


Some More 


HIS ingenious design of the Electric Furnace Company makes possible 

a weight saving of approximately 76% over solid cast alloy containers. 
Engineering Brains,—Plus G, A. Co. Castings, made this possible. One 
would be lost without the other. 


These castings fit together like a baby on a nipple. They can be Bolted, 
Welded, or Riveted with Q-Alloy Bolts, Rods, or Rivets. These baskets 
ca be stacked, pushed or handled by any conventional method. They 
will stay put. 

The dimensions of these baskets are 4 ft. x 4 ft. x 1 ft. and all the metal 
sections are % in. Notice the clean-cut cored holes, the sharp corners 
aid uniformity. 
baskets. —yet they are castings. 

This “kind of foundry work gives the word “Casting” a new m 
aid opens the way to the new era of Steel Treating Machinery. 


-aning, 


7? 
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SEVERAL 
Q-ALLOY 
CYANIDE 
POTS 
HAVE RUN 
OVER 
10,000 Hours 


American Metallurgical Corporation 


N their Advertising in the November issue of Transactions the Amer 
ican Metallurgical Corporation in advertising their Electric Cyanide 
Pot Furnaces made this Statement: 


“Q-Alloy Pots have run in excess of 10,000 hours with no signs 0 
deterioration.” 


This is a startling revelation, even to us, and we took pains to che 
the records involved ourselves. We found, for instance, that the Pratt 
& Whitney Company have been running their first American Met 
Furnace with a Q-Alloy pot three years, and A. H. d’Arcambal, Chief 
Metallurgist, advises that the Q-Alloy pots in this furnace and his othe 
American Met. Furnaces look “as good as new”. 


When you consider that these pots are only ONE HALF INC 
THICK, uniform wall section, bottom and all, and that NO OTHER 
4” ALLOY CYANIDE POT MADE BY A COMPETITOR EVEN 
RAN 5000 hours,—You’ll agree that Q-Alloy pots are far too good fol 
you to do without them. 


But we don’t take all the credit for the 10,000 hours. The same po 
might not last 1000 hours in old fashioned cyanide furnaces. The 0s 
of this Modern, Efficient Furnace was saved in pot savings alone. How 
would you like to run your. cyanide pots three years without a break4 
down? 
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IRAL fiagan Progresses 


WW H five Hagan orders going through the plant, we wondered 
which one to photograph for this issue. Most of these orders cover 


hearth plates for three giant Hagan Rotary Hearth Furnaces, and other 





standard castings,—so we picked out a queer one. 


lake a look at the fine castings shown here, notice the unusual sections, 
y , ; 
ER nd integral hinge pins,—then guess what they are. 


Five years ago it would be almost 


a c ; s 
Hour impossible to run a picture of a 


ny 
furnace part that every heat treater 
. wouldn’t recognize, for the old types 
nratio of furnaces have been familiar to 
three generations. 
ons the Amer 


por “Them days has gone forever,” — 
ectric Cyanqay : ; oe 
Furnace designers are now mixing 
brains with materials,—they are 
th no signs of... 
. building furnaces that heattreat the 


work instead of heat the heattreat, 
pains to chec 
that the Pratt 





—and Q-Alloys have been a vital 





. 
} 
‘ 


lator in this development. 
merican Met | 
cambal, Chiel The George J. Hagan Company was the first Furnace Builder to con- | 
> and his othe duct a Metallurgical and Physical investigation of Heat Resisting Alloys 


for Furnace Parts, and the first Furnace Builder to adopt Q-Alloys as 
TALF INC aStandard Specification. Their judgment has been confirmed by the entire 
NO OTHER industry, 
ITOR EVER 


t 1 fo A College Professor at the Cleveland Show remarked: “These new type 
r too good fof 


high efficiency furnaces are becoming Fashionable.” “Fashionable, Hell,’ 


replied a Detroit Metallurgist, “they’re absolutely essential to the modern 
The same po 
ces. Lhe cos a T Old 
alone. How the Heat Treat, and the weakest spot in most Heat Treats is the Old 


hout 2 break§ Fashioned box type Furnace that sits and grunts, and averages 10% 


Heat Treat, and,” he continued, “the weak spot in most plants today 1s 


eihciency,” 


? 
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Anchoring to Brickwor 


NCHORING § Alloy 


Plates to brick work \ 


Heart} 
is Sf me- 


what of a problem,—when the ric, 


work was designed from (randjy- 
ther’s drawings, and the alloy 
plied as an afterthought. Patching 


up an old design usually results jy 


compromise. 


The Modern furnace desijo; 


Silt 


starts with the Customer’s require. 


ments, and -builds a new furnace 
from the ground up, designing each 
component, Refractories,  Insula- 
tion, and Alloy to function as a unit. 
The X-ite Pier Cap hearth support 
shown here is a splendid example oi] 
modern design and G. A. Co. Foun- 
dry Practice. These Castings are 
cored out on the reverse side, and 
maximum metal section is 
The Chief Engineer of 
Company suggested to us: “Why 
don’t you reprint all your ()-Alloy 
casting pictures as shown in the 
Box Bulletin, and publish them i 
Text Book form as a correspondence 
course in Foundry Practice for your 
contemporaries? They sure need it.” 
The Castings shown 11 these 
pages should furnish inspiration to 
the Engineer and Foundryman 
alike, for they represent a definite 
stage in the advance of the art, and are there a contribution to tlic entire 


industry, customer and competitor alike. 
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This Q-ALLOY Fan Turns 
3200 R. P.M. At 2,000° F. 


WELL KNOWN Engineer figured out some time ago that if he only 
could make a fan of material to withstand the temperatures, he could 
culate high temperature gases in open hearth furnaces and save several 
iousand dollars in fuel annually per furnace. ; 

His dream came true with the development of this Q-Alloy fan, cast in 
atic and dynamic balance, with blades 44” in section, and a maximum 
inspiration tog™™Pperating temperature in excess of 2200° F. 

This lan is designed to operate at 3200 R. P. M. at a normal temperature 
12000" F. It is another example of the way brains can be mixed with 
Alloy to save dollars. 


Keep your eye out for possible opportunities in your own plant to save 
me and money by mixing your brains with our alloys. 


to us: “Why 
your (-Alloy 
shown in the 
iblish them in 
orrespondence 
actice for your 
7 sure ed it.” 


» 


wn iif these 


Foundryman 
ent a definite 
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“SIEVES TO 
SAVE DOLLARS” 


This would be a fitting title 


Are dollars slipping thru your 
fingers ? 





UESS what this is. It looks like some of those special Q-Alloy valve 

parts,—but it isn’t. I’m batting this copy out on the eleventh hour 
in Hal Chase’s Apt. in Cleveland and I don’t know what the darn thing 
is myself, so I can’t tell you. That’s that. 


This thing may be some kind of a sieve, if so it will save dollars that 
ot otherwise would slip through as waste, for undoubtedly Q-Alloy cast- 
gs, in one form or another have saved more dollars that were slipping 
through the fingers of American Steel Treaters than all other Heat 

Resisting Alloys combined. 








NEW SELF FLUXING Q-ALLOY 
WELDING ROD 


Anybody can use it 


N° more worries about getting good welds with green welders on 
Q-Alloy. Our new rod, recently developed with the aid of two 
of the world’s greatest Laboratories, eliminates flux and insures a clean 


malleable weld. 


Q-Alloy rods are the same analysis as Q-Alloy castings and have the 
same expansion and contraction. They can be depended upon for unt- 
form results. 


If you want to weld any competitive heat resisting alloy, and have 
the weld outlast the alloy, use Q-Alloy rods. 


Q-ALLOY SELF FLUXING RODS ARE THE GREATEST 
CONTRIBUTION TO DATE TO THE ALLOY WELDING ART. 


ons’ = 
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STAND UP “UNDER FIRE 


Q-ALLOYS 


Most Economical and 
Efficient Materials 
For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 
FURNACE PLATES 
MUFFLES AND RACKS 
TUBES AND RETORTS 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 
ANY PARTS 


operating between 1000°F. 
and 2200°F. 









SS 





GENERAL ALLOYS COMPANY) 


BOSTON—27—MASS. DI 
CHICAGO BOSTON NEW YORK 
122 So. Michigan Ave. 168 Dartmouth Street 26 Cortlandt Street 
DETROIT CLEVELAND INDIANAPOLIS 
General Motors Building 2281 Scranton Rd. Merchants Bank Building 
ROCHESTER TORONTO ST. LOUIS 
921 Granite Building 191 Adams St. 1517 Olive St. 
CINCINNATI 





1620 John St. 
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How Republic Motor 
Trucks Are Protected 


Every Republic Motor Truck crated for export is coated with 
NO-OX-ID. Shipment shown above is en route to Sydney, Australia. 
Rust is inhibited. The surface is sealed. NO-OX-ID is applied 
easily by brushing, dipping or spraying. It is removed quickly with 
rag when desired. Does not dry out, harden, crack or flake and 
does not “slip” at tropical temperatures. Immersion of Repubic 
lrucks in sea water has more than once proven that surfaces coated 
with NO-OX-ID are fully protected. Likewise, protection is given 
against the effects of sweating, exposure to weather, to acid fumes 


and other rust stimulating conditions. 
AN What service can NO-OX-ID render you? Consultation invited 


recommendations and demonstrations arranged gladly. 


DEARBORN CHEMICAL COMPANY 


ORK 310 SO. MICHIGAN AVE. 299 BROADWAY | 
_— CHICAGO NEW YORK CITY 


POLIS 
IS IRON NO-OX-ID | | 














I k Building 
r The Original Rust Preventive 
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ELECTRIC FURNACES 
FOR YOUR TOOL ROOM 








W: ARE pleased to announce our type HD-136-R Electric 


Tool Room Furnace, which we are building on a volume 


production basis, enabling us to give you the benefit of the 
consequent volume production price. 


You will find in these furnaces the same high standards ot 
materials and workmanship for which “HEVI-DUTY ” has 
always stood. 


A post card will bring specifications and operating economies. 


——-—~ 


Aevi Duty ELectric Co. 


MILWAUKEE, WIS. 


( Formerly Electric Heating Apparatus Co., Newark, N. J. ) 


NEW YORK BUFFALO CLEVELAND CHICAGO 


—_————— | 
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Are You Interested— 


In the microstructure of commercially pure iron? This is 
one of the subjects discussed in “The Composition and Struc- 
ture of Iron and Steel”—The. third of a very interesting and 
practical series of articles being written for REPUBLIC FLOW 
METERS COMPANY thru the courtesy of Professor H. M. 
Boylston, noted authority on the subject of “Steel and its Heat 
lume : Treatment.” 


c-. :} 3y simply mailing the coupon below, the first three of these 
articles will be forwarded to you, others to follow at approx- 
imate monthly intervals. There is no obligation whatever as 
these discussions are being written for Republic in the interest 
is ot | of greater efficiency in the Heat Treating field. 


” has 


ectric 


REPUBLIC FLOW METERS CoO., 

2235 Diversey Parkway, Chicago, IIl. 

—. Kindly send me the first three articles on “Steel and its Heat Treat- 
ment” by Prof. H. M. Boylston, also place my name- on your mailing 
list for all future articles on this subject. 


OU tee et gS our. 


0. i . ACCOM i.a. 


» Recorders ' : Boiler Meters 
f . 2 Y pone Fates s “ 
: era Republic Flow =a Meters Ce. Meters, Water and Gas 
eters 2235; Diversey Parkway ; & Chicago, Ill. Meters, Air and Steam 
rt Liquid Level Indicators 
and Recorders 


CHICAGO 


tding Pyrometers 
‘dicating Pyrometers 
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SWEDISH NICKEL ALLOY CASTINGS 


ECONOMICAL AND EFFICIENT FOR 
CARBONIZING BOXES and COVERS 
ANNEALING BOXES 
FURNACE TRAYS, PLATES, RAILS, etc. 
CONVEYOR PARTS 
MUFFLES, RETORTS and TUBES 
LEAD POTS 
GLASS ROLLS, etc. 


“Where there is HEAT use SWEDISH NICKEL ALLOY” 
ANALYSIS: Nickel 62 to 65% Chromium 15 % 
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Swedish Alloy Steel Carbonizing 


Boxes 








Made of a high grade cast steel, these special alloy steel boxes 
and covers will give long service and lower your heat treat costs. 
Hundreds of heat treat plants are equipped with these boxes. 
The original investment is low and the number of hours’ service 
obtained greater than those obtained from ordinary steel boxes. 


















Cyanide and Lead Pots 


All SWEDISH POTS are made of a high grade CRUCIBLE 
STEEL. The dense, homogeneous structure of the steel gives 
maximum protection against the action of the lead cr cyanide as 
well as to the action of the flame. 


STINGS 






BS 


ILS, etc. & Patterns 


At all times we have at our plant the latest designs in pots and 
boxes. Designed for long life with minimum wall sections and 
. non-warping and non-cracking features. 


SWEDISH CRUCIBLE STEEL CO. 


ALLOY” DETROIT, MICHIGAN 
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MIDVALE 


CARBON TOOL STEELS 


Made to Sell for a Purpose—Not a Price 


Our experience of over 
50 years in the manufac- 
ture of Steel Specialties 
guarantees you the Best 
Tool Steels that can be 


made. 


a 


We can offer excellent 
service from our. Bar 
Steel Warehouses, which 
are well stocked with the 
standard and many of the 
odd sizes so often needed. 
We have a proven Tool 
Steel for every purpose. 
A letter or wire today A 32-Page Pamphlet just from 
the press gives useful hints on the 
handling of Carbon Tool Steels, 
as well as the proper grades for 
row. each purpose. Write for it. 


will have the steel in your 


shop or in transit tomor- 


THE MIDVALE COMPANY 


NICETOWN, PHILADELPHIA 


DISTRICT OFFICES: 


NEW YORK WASHINGTON CHICAGO PITTSBURGH 
CLEVELAND SAN FRANCISCO 
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Bob McDonogh, in a “Miller Special,” 
crossing the finish line, first in a field 
of fifteen in the Altoona 250-mile race. 


McDonogh Wins! 


RIVING a “‘Miller Special”’ at a pace of 118 miles an hour 

for two hours, six minutes and fifty-four seconds, without 
a single stop, Bob McDonogh won the 250-mile automobile 
race at the Altoona Speedway, Altoona, Pennsylvania. 


Fourteen of the fifteen contestants in the Miller Engine Works, Los Angeles California, (who built 
Altoona Race drove cars made by Miller 


Engine Works, 2652 Long Beach Avenue McDonogh’s car, and thirteen other cars entered in the Altoona 
Los Angeles, California. These cars were Race) realized the need for steel that combines strength, 





piloted by: toughness and dependability with light weight. Chrome- 
Norman Batten Vanadium Steel was selected for : 
re mer 
a aad Front Axle Ends Valve Tappet Cups 
a Derey Steering Knuckles Transmission Gears 
Frank Elliott Steering Knuckle Pins Transmission Shafts 
Rank = Timing Gears Drive Shafts 
just from Benny Hil Connecting Rods Axle Shafts 
Imm 1 
nts on the Bob cDonogh Whatever your steel uses or problems, if you are seeking 
ol Steels, Phil —, stronger steels, lighter in weight, yet tough and dependable, 
srades for Jerry Wonderlich there is a Vanadium Steel that will meet your requirements. 


t The & oes vel If you will give us an outline of your steel requirements, our 
- Bob McDonogh, Harry “a Es, ete Metallurgists will be glad to give you their recommendations. 
Fred Comer, n Duray, Norman Batten 


and Phil Shaffer—drove Miller-built cars. VAN ADIUM CORPORATION 
OF AMERICA 


\NY 120 Broader DETROIT 
VANADIUM STEELS 


—" Sor Strength, Toughness and Durability 





- 
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READ THIS 


list of worth while books and order to-day. 


BULLENS. 
ment. 
By Denison K. Bullens, Consulting 
Metallurgist; President, D. K. Bullens 
Co. Second Edition. 483 pages. 6x9. 
285 figures. Cloth 
CONTENTS—The Testing of Steel. The 

Structure of Steel. Annealing. Hardening. 

Tempering and Toughening. Case Carburizing. 

Case Hardening. Thermal Treatment. Heat 

Generation. Heat Application. Carbon Steels. 

Nickel Steels. Chrome Stecls. Chrome Nickel 

Steels. Vanadium Steels. Manganese, Silicon 

and Other Alloy Steels. Tool Steel and Tools. 

Miscellaneous Treatments. Pyrometers and Crit- 

ical Range Determinations. 

FAY. Microscopic Examination of 

Steel. 
By Henry Fay, Professor of Analyti- 
cal Chemistry and Metallography, 
Massachusetts Institute of Technol- 
ogy. 82pages. 6x9. 1 figure and 55 
photomicrographs. Cloth..net $1.50 
CONTENTS—Slowly Cooled Steels. Rapidly 

Cooled Steels. Annealed Steels. Non-Metallic 

Impurities. Microstructure. Slag. Streaks. Heat 

Treatment. Composition. The Effect of Work 

on Grain Size. 10-inch Rifle, Model of 1895. 

14-inch Gun Lever. 12-inch Navy Gun. Pol- 

ishing. Etching. 


TRINKS. Industrial Furnaces. Prin- 
ciples and Furnace Calculations. 

By W. Trinks, M. E., Consulting En- 
gineer, Professor of Mechanical En- 
gineering, Head of Department of 
Mechanical Engineering, Carnegie In- 
stitute of Technology. Volume I. 
319 pages. 6x9. 255 figures. Cloth. 
net $4.50 


Heating Capacity 
of Furnaces. Fuel Economy of Furnaces. Heat- 
Saving Appliances in Combustion Furnaces. 
Strength and Durability of Furnaces. Movement 
of Gases in Furnaces. 

RODENHAUSER — SCHOENAWA — 
VOM BAUR. Electric Furnaces in 
the Iron and Steel Industry. 

By Dipl. Ing. W. Rodenhauser, E.E., 
and J. Schoenawa. Translated from 
the Original and Rewritten by C. H. 
Vom Baur, E.E., Formerly Chief En- 
gineer, American Electric Furnace 
Company. Third Edition, Revised. 


Steel and Its Heat Treat- 


4600 Prospect Ave. 


460 pages. 6x9. 133 figures. Two 

full-page plates. Cloth. 

Thoroughly describes electric furnaces designed 
solely for the iron and steel industry. written 
from a practical standpoint by practical men 
Deals first with the construction and the 
apparatus, and second, with the practical use of 
furnaces and their metallurgical reactions. 


HULTGREN. A Metallographic Study 
on Tungsten Steels. 
By Axel Hultgren, Chief of Research 
Laboratory of A. B. Svenska Kulla. 
garfabriken (8. K. F.), Gothenburg, 
Sweden. 95 pages. 6x9. 5 full. 
page diagrams, 76 photo-micrographs, 
Sens ae 5 a net $3.00 
CONTENTS—Part I. The Transformation of 
Tungsten Steels During Different Heat Treot. 
ments and the Structures Thereby Formed. Part 
Il. Carbides in Tungsten Steels. Supplement 
Concerning Carbides in Other Alloy Steels. Ap- 
pendiz: Investigations on Tungsten Steels by 
Honda and Murakami. 


JOHNSON. Rapid Methods for the 
Chemical Analysis of Special Steels, 
Steel-Making Alloys and Graphite. 

By Charles Morris Johnson, Chief 
Chemist and Director of Research De- 
partment, Park Steel Works, Crucible 
Steel Company of America. Third 
Edition, Revised. 552 pages. 6x9, 
70 figures. 
An unusually thorough revision, including all 
of the important new metals as well as new 
methods for the analysis of older ones. Anyone 


who knows general chemistry can follow the 
author’s instructions and get real results 


BACON—MARKHAM. Forge-Practice 
and Heat Treatment of Steel. 
By John Lord Bacon, Instructor in 
Forge Practice and Machine Design, 
Lewis Institute; and Edward R. Mark 
ham, Consulting Engineer. Third 
Edition, Revised and Enlarged. 418 
pages. 5x74. 400 figures. Cloth. 


Covers heat measuring and hardness testing 
instruments, various modern appliances, and the 
installation of up-to-date systems. [Intelligent 
study of its contents will lead to the broader 
knowledge of heat-treating methods which is now 
required of the man actually doing the work. 


Send order and check to 
AMERICAN SOCIETY for STEEL TREATING 


Cleveland, O. 
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as well as new 
ler ones. Anyone 
can follow the 
eal results 
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Forge-Practice 
of Steel. 
Instructor in 


The NU-TYPE is the most beautiful and artistic pocket pencil on the market. 
In construction, in artistic finish, and design, in its sturdy wearing qualities it 
. : endears itself to its users. It is a “different” pencil, and a better pencil. 
ichine cos The barrel is made of light, hard, enduring rubber composition which takes a 
ward R. Mar very handsome finish. The rubber barrel is, in turn, reinforced with a metal tube 


| ird : ° : ‘ ° : orem 
Swed = which, by its special design, insures a splendid combination of strength and 


( lightness. 
i ae A common defect in other pencils of this type is the ease with which the leads 
see - a break in feeding through the tip. This defect is remedied by a specially con- 
— a structed tip and by the dual gripping action on the lead. 
7 Intelligent NU-TYPE is known as “The Panel Pencil.” The panels, clips, nuts, as well 
d to the broader as the tips and caps, are made of 14k gold filled. These panels are attached to 


ods which is now 


boing the work. the pencil, just above the clip, a patented feature, and are engraved with the 


A. S. S. T. emblem. 
PRICE POST PAID 
No. 150—Octagon Barrel, 51/4”, Panel lock and A. S. S. T. clip, 14k 
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TRADE Manu 


VER three decades of success- 
ful operation in the manufac- 
ture of Oil Burners and Industrial 
Furnaces is the result of soundly 


engineered products of quality. 


Satisfied users of our equipment 
have been responsible for our suc- 
cess. 


The BEST type of service is at 


your disposal. 


Send your heat treating problems 


to us for consideration. 


Dempsey Heavy Duty Forge Furnac: 


Dempsey Furnace Division 


W.N. BEST Corporation 


Engineers and Manufacturers Since 1890 
11 BROADWAY NEW YORK 
District Offices 


BOSTON CLEVELAND BALTIMORE 
PHILADELPHIA CHICAGO PROVIDENC!I 


va Heiter FORGINGS 


RITA ALLOY STEEL No. 2 DIE BLOCKS 

.20 ae mpacnnnane-eitones- 
nickel. Excellent machining qual- 
ities—cuts free and clean on most S 
difficult operations. STRAIGHT HEAR KNIVES 
Bars. Works readily and freely on 
automatics. 

Case-Hardening (carburizing) fnES'STERE, 
properties unsurpassed, as it ab- 
sorbs carbon rapidly and uniformly. 
Properly treated shows a file-hard, 
silky-grained “case” and exceeding- 
ly tough, strong, fibrous core. 
“a ICAL PROPERTIES—very 

Z ENBRAL USES—Gears, S indles, 
chuc aws, ute ones, clutches, r * 
ball races, arbors, Chas-matasaes Rave mae 
valve tappets, pus rods, cams, 
piston pins, transmissions, pinions, HEAT TREATED 
shackle bolts, worms and worm 
drives; vise jaws, chain pins, 


gauges, rolls, set perere, sea PRODUCTS 


i <a nen anaes a — Ro 
° ng—does not spread unduly— r 
hobs clean and shows a mirror fin- OUR SPECIAL ry 
ish on polishing. An excellent steel 
for moulds, centers, radio parts, etc. 

Also for general machinery steel 


purposes where a free cutting, uni- Heppenstall Forge & Knife Co 
form quality steel of great strength 


and toughness is desired. WORKS: 


CANNON -STEIN STEEL CORP. cae, BRIDGEPORT 


PENNA. CONN. 
SYRACUSE, N. Y. 
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ADVERTISING 


HOBSON’S CHOICE XX 


EXTRA REFINED 


for 


FORMING TOOLS 


DRILLS, REAMERS, Etc. 


HOBSON’S Warranted Best 
for DIES, PUNCHES and 
General Tools 





CHOICE Polished Drill Rods 
PIVOT STEEL for SCALES 
HIGH SPEED STEEL 
SELF HARDENING STEEL 
FAST FINISHING STEEL 
SHEETS, Cutlery and Saw 
FORGED CUTTER BLANKS 
RINGS, DIE BLOCKS, Etc. 
5000 various SIZES IN STOCK 


for all purposes 


Hobson, Houghton & Co., Ltd. 
83 Beekman St 
NEW YORK 


SIFT COMPOUND 
MECHANICALLY 


with the 
Perfection 
Cleaner 


and 


Grader 


Save costs in the hardening department. 
Reclaim 15% more compound. 
Cut labor 75 % 
Eliminate dust in your plant. 
Satisfaction guaranteed. 
Motor or Belt driven. 


May we send full particulars > 


BROWN LYNCH SCOTT CO. 


Manufacturers 


22 SO. MAIN ST. - MONMOUTH, ILL. 





SECTION 





TOOL STEEL 
BARS SHEETS 
BLOCKS 


STAINLESS STEEL 
BARS SHEETS 


Calcium Silicon 


Chromium (Pure and Ferro), 
Manganese (Pure and Low C.), 
Cobalt, Molybdenum, Silicon 
(Pure), Titanium, Silicon Alu- 
minum Manganese Alloys 
(also with Ti.), Tungsten 
(Powder and Ferro), Ferro 
Aluminum, Arsenic Copper, 
Calcium Copper, and OTHER 
SPECIAL ALLOYS. 


Large stocks carried in New York 


Write for Stock List 


deCourcy Browne, Inc. 
Metallurgical Engineers 
8 W. 40th St. ’ NEW YORK 
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DATA SHEETS 


The following data sheets have been issued and sent to members. New members d: 
back sheets may order all or any sheets desired at the “‘rate to members.’”’ Members 
receive free data sheets as issued during the period of their membership. 


Send all orders to A. 8. S. T., 4600 Prospect AvE., CLEVELAND 


Cost Cr 
“ 
Mer 


No. 
Sheets 


| 


| 


| 
| 


to 
Members 
Nitrogen in Steel 
Melting Points of Chemical Elements A! 
Fusing Points of Seger Cones.............-.-- 


Decimal and Metric Equivalents of Parts 
Inch 


Specific Heat of Air 

Weights of Steel Bars 
Temperature Conversion Table 
Iron-Carbon Diagram 

Mass Influence in Heat Treatment 


Interconversion Table for Units of Energy, Vol- 
ume and Weight 


Corrosion of Iron and Steel 


1 


$ 


I &» Ww WO 


439-42 Incl. 


bo 


445-50 Incl. 
C3-24 
Stainless Steel D3-10 Incl. 
Vanadium as an Alloying Element iu Steel.. ++! F3-8 
Tungsten .as an Alloying Element in Steel 
Recommended Practice in the Heat Treatment} 

of 18% Tungsten High Speed Steel 


Recommended Practice for the Heat Treatment! 
of Plain Carbon Tool Steel | N3-6 


Recommended Practice for the Heat Treatment} 
of Non-Shrinking, Non-Deforming,  Oil-| 
Hardening Tool Steels... .ccccccsccccceses | N7-8 


Recommended Practice for the Heat Treatinent| 
of Finishing Steel 


Recommended Practice for the Heat Treatment} 
of Taps and Milling Cutters.............. 


Tool Steel Trade Names 
Carburizing and Heat 


wowort eK wre 


Treatment 


Pyrometry 
The Preparation of Metallographic Specimens... 


Etching Solutions for Iron and Steel and the} 
Structures Revealed by Each 


Photomicrography 

Critical Illumination in Photomicrography 

S. A. E. Steel Specifications. .............0.. 
Brinell Hardness Test 


Rockwell Hardness Test 
Scleroscope Hardness Test 


Percentage Reduction of Area for Tensile Test 
Specimens 

Test Specimens 

{Standard Clay Fire Brick Shapes and Tables 


{for Turning Diameters with Standard Fire Brick 
| Shapes 


Lead Baths 
Fuel Consumption and Heat Losses 


Recommended Practice for the Heat Treatment 
of Plain Carbon and Alloy Spring Steel.... 
Heat Treatment of Permanent Magnet Steel.... 


| T23-38 Incl. 
| 'T39-42 

| U3-6 

| V1-2, 2a, 

| 2b, 2e 

| V3-5 

V7-10 
V11-16 Incl. 
V17-29 Incl. | 


| 
| 


W1-20 Incl. | 
W21-35 Incl. | 
W37-42 Incl. 


40 
15 
Y3-4 
| ¥5-8 


.0& 
10 


$6.65 
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FIRE- ARMOR 
PYROMETER TUBES 


Stand higher temperatures than any other Alloy on the 
market—a fact that can very easily be proved—by 
those interested in facts. 
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Yes—They cost more — you cannot produce SOME- E 
THING for NOTHING. | 


If you think that ordinary Alloy tubes meet your 
requirements, fine—you don’t need ours—but you must 
remember that the application of heat sets up thermal 
fatigue just the same as the application of torsion or any 
other physical force sets up fatigue in a shaft, gear or 
part and that which has the greatest margin of safety 
endures longest and is worth its proportionate value. 


There isn’t any “Riddle or Joke” about it— it's a plain 
fact, easily proved. 


TRY THEM—AND BE CONVINCED 





Progvais is the ‘Product of Collective Mehiocnnent 
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MADE ONLY BY 


THE CHROBALTIC TOOL COMPANY 


1501 E. FERRY AVE. 


DETROIT, MICH. 


Lorenzo Norvell Co., 
Chemical Bldg., 
St. Louis, Mo. 


Railway Exchange 
Chicago, Ill. 


Mr. J. W. Mull, Jr., 
Board of Trade Bldg., 
Indianapolis, Ind. 









Philadelphia, Pa. 


Mr. C. K. Kelly, 
844 Norwalk Ave., 
Buffalo, N. Y. 


a 
= 
S 
1701 Arch St., = 
5 
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“SEMENTITE”? comrounds 
nny CO F 


UNIFORMITY 


ARE 


SECOND TO NONE 
HEAT TREATING SUPPLY COMPANY 


SANDUSKY, OHIO 


Erichsen Testing Machines 
Standard the World Over 


For the Determination of the Drawing 
Stamping, Compressive and Folding 
Qualities (the “Workability’’) of Sheet 
Metals 


Know your Metal. 
Save time and save money. 


The Bock Machine Company 
3618 Colerain Ave. Cincinnati, 0. 


ZIV’S WIZARD 


This Tungsten a Un-Breakable Tool Steel 
Rivet Set Headed a FP / as 
80,000 Rivets ; A truly Remarkable Steel’’ 


And Still In Good Especially Adapted For Pneumatic 
Condition 3 Tools 


ZIV STEEL & WIRE CO. 


4423 W. Kinzie St. Chicago, Ill. 


oi—Gas = =ECONOMY FURNACES Ses Te 


Oil, Gas and Combination Burners 
Pumps — Blowers — Compressors — Oil Storage Tanks 
Quenching Oil Cooling Systems 


OUR FORTY YEARS EXPERIENCE GIVES THE PURCHASERS OF 
OUR PRODUCTS A CERTAINTY BEYOND PRICE 


THE ECONOMY FURNACE CO. 


West & School Sts. Chicopee, Mass. 
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ANY THERMALLOY 
Machine HIGH TEMPERATURE CASTINGS 
rid Over 
f the Drawing, 
re EXCLUSIVELY 
letal. 
a LEAD POTS 
e Company 
Cincinnati, 0. CARBONIZING BOXES 
ROTARY FURNACE LININGS 
YARD RETORTS 
Tool Steel HEARTH PLATES 
able Steel’’ PYROMETER TUBES 
‘or Pneumatic COMBUSTION CHAMBERS 
ENAME URNACE RAILS 
WIRE CO. ee . 
Chicago, Ill CONTINUOUS FURNACE PARTS 


RECUPERATORS etc. 






For The 


Industries 





WS 


ELECTRO ALLOYS CO. 
ELYRIA, OHIO 
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BOOKS YOU SHOULD HAVE 
A Carefully prepared list of books 


KENT. Mechanical Engineers’ Hand- 
book. Tenth Edition. 
Robert T. Kent, Editor-in-Chief, and 
35 Associate Editors. 2247 pages. 
4\%4x7. Illustrated. 
Flexible binding 
Genuine leather binding.....net $7.00 


ROSENHAIN. An Introduction to the 
Study of Physical Metallurgy. 
140 illustrations, 6x9, cloth, 375 pages. 
(Metallurgy Series) 


CONTENTS — Introductory. Structure and 
Constitution of Metals and Alloys. Microscopic 
Examination of Metals; The Metallurgical Mi- 
croscope; The Microstructure of Pure Metals 
and of Alloys; Thermal Study of Alloys; The 
Constitutional Diagram and the Physical Prop- 
erties of Alloys; Typical Alloy Systems; The 
Iron-Carbon System. The Properties of Metals 
as Related to Their Structure and Constitution. 
Mechanical Testing of Metals; Effect of Strain 
on the Structure of Metals; Thermal Treatment 
of Metals; Mechanical Treatment of Metals, in- 


cluding Casting; Defects and Failures in Metals 
and Alloys. 


AITCHISON. Engineering Steels. 
An exposition of the properties of 
steel for engineers and users to secure 
economy in working and efficiency of 
result. 119 illustrations, 116 plates and 
2 folding plates, 54%4x8%%4, cloth, 427 
pages. $6.00 


CONTENTS — Steel Melting Processes; the 
Casting and Working of Steel; the Heat Treat- 
ment of Steel; Mechanical Testing of Steel; 
Plain Carbon Steels; Alloy Steels; Case-Hard- 
ening Steels; Cold Wofked Steels; Tool Steels; 
Appendices; The Influence of Sharp Corners and 
Scratches; Young’s Modulus of Elasticity; Prop- 
erties of Steels at High Temperatures; Professor 
Robertson’s Axial Loading Shackles; Avery 
“*Izod”” Impact Testing Machine; Charpy Pendu- 
lum Impact Testing Machine; Stanton Repeated 
Blow: Impact Testing Machine; High Alternat- 
ing Stress Testing Machine; Brinell Ball Test 
Machine; Derihon “‘Hardness Testing’? Machine; 
Johnson Ball-Hardness Testing Machine; Lee 
Reverse Testing Machine; the Atcherley Bend 
Testing Machine; Bibliography of Original Pa- 
pers on the Hardness of Metals. 


REISER. Hardening and Tempering of 
Steel, in Theory and Practice. 
(Translated from the German of the 
third and enlarged edition) by Arthur 
Morris and Herbert Robson. 5x7%, 
cloth, 130 pages 


CONTENTS — Definition and Classif 
Chemical and Physical Properties and Their Cas 
ual Connection; Classification According to Use. 
Testing for Quality; Hardening; Investigatio, 
of the Causes of Failure in Hardening; Regen 
eration of Steel Spoilt in the Furnace; Welding 


ation: 


GREAVES and WRIGHTON. Pra. 
tical Microscopical. Metallography, 


Full-page plates, charts, tables, 6x91), 
cloth, 135 pages. London and New 
York, 1924. ...... a ae $5.00 


CONTENTS — Introduction; Preparation of 
Specimens for Micro-Examination; Microscope, 
Method of Microscopical Examination; Structure 
of Pure Metals, of Alloys; Structure and Prop. 
erties of Ingot Iron, Wrought Iron; Structure 
and Properties of Normalized and Annealed Car 
bon Steels, and Effect of Hot and Cold Work: 
Structure and Properties of Hardened and Tem 
pered Carbon Steels; Structure and Properties 
cf Alloy Steels, and Effect of Heat Treatment: 
Non-Metallic Inclusions and Defects in Steel: 
Structure and Properties of Pig Iron, Cast Iron 
and Malleable Cast Iron; Effect of Impurities 
in Copper; Structure and Properties of Alloys 
of Copper with Zinc, Tin and Aluminum; Struc 
ture of Aluminum Alloys, Zine Alloys and Bear. 
ing Metals. Index of Photomicrographs. Sut 
ject Index. 


BLAIR, ANDREW, ALEXANDER. 
Chemical Analysis of Iron. 


102 illustra 
Cloth. . .$5,00 


CONTENTS—Apparatus for the Preparation of 
Samples; General Laboratory Apparatus; Re 
agents; Distilled Water; Acids and Halogens; 
Gases; Alkalies and Alkaline Salts; Salts of 
Alkaline Earths; Metals and Metallic Salts; 
Reagents for Determining Phosphorus; Methods 
for -the Analysis of Pig-Iron, Bar-Iron, and 
Steel; Determination of Sulphur, Slag and 0x 
ides, Phosphorus, Manganese, Carbon, Total Car- 
bon, Graphitie Carbon, Combined Carbon, Ti- 
tanium, Copper, Nickel and Cobalt, Chromium, 
Aluminum, Arsenic, Tin; Methods for the 
Analysis of Alloy Steels; Determination of 
Tungsten, Oxygen in Steel and Iron, Nitrogen in 
Steel and Iron, Iron in Steel and Iron; Methods 
for the Analysis of Ferro-Tungsten and Tungsten 
Metal, Ferro-Molybdenum and Molybdenum Metal, 
Ferro-Vanadium, Ferro-Chrome, Ferro Silicon, 
Ferro-Manganese and Manganese Metal, Ferro- 
Titanium, Ferro-Phosphorus, Iron Ores, Lime 
stone, Clay, Slags, Fire Sands, Coal and Coke; 
Apparatus for the Determination of Metals by 
Electrolysis; Tables; Index. 


Eighth edition, revised. 
tions, 318 pages. 8vo. 


Send order and check to 
AMERICAN SOCIETY for STEEL TREATING 


4600 Prospect Ave. 


Cleveland, O. 
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Iron. 


~ 102 illustra- 
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YOU CAN’T FOOL THE 
DILATOMETER ! 


Re of the composition of the steel being heat-treated, its size or 
shape, the ROCKWELL DILATOMETER will tell you automatically 


the exact time to quench to obtain maximum results. 





We guarantee the ROCKWELL DILATOMETER will show 


The rate your steel will absorb heat. 
The exact length of time to heat. 
The exact time at which to quench. 


This is done automatically with perfect precision, the method is simple, economical and 
trustworthy. 


THE STANLEY P. ROCKWELL Co. 


“New England’s Heat -Treater’s Supply House 
112 HIGH ST. - HARTFORD, CONN. - 


Represented by 
THE QUEEN CITY STEEL TREATING CO. 
1620 John Street Cincinnati, Ohio 





THE PACIFIC SCIENTIFIC CO. 
San Francisco, Calif. Los Angeles, Calif. 
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cember 


Ganschow 


Speed 
Transformers 


Wherever Motors are Used 


Wherever you use an electric motor—that’s 
the place you can use a Ganschow Speed Trans- 
former to advantage. 


Do away with belts. They dry out and require 
constant attention. Eliminate noisy and quick 
wearing gears. 


Ganschow Speed Transformers are the ideal 
unit for operating oven doors, blowers, tumbling 
barrels, line shaft and any other equipment where 
belts or gears are used. 


They save power, trouble and repair expense. 
Ask for Catalog No. 111. It will be sent without 
obligation. ® 


William Ganschow Company 


12 North Morgan Street, CHICAGO 
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electric furnaces are the result 


of six years of conservative de- 
velopment of electric heating 
equipment by The George J. Hagan 
Company. 

It is indeed significant and 
gratifying to announce that heat, 
ing equipment of HAGAN design 

& 


and manufacture is operating un- 
der all heat treating conditions, 
including carbonizing, without a 
single failure of heating elements 
being recorded. 


You should specify HAGAN 
when you require electric furnace 
equipment for continuous service 
and in this way eliminate costly 
replacements and carrying charges 
on spare heat- 
ing units. 








CA Furnace and a Fuel for Every Heat Treating Service 
wie ciate Seka ee 







Of ae S CoC Electricity 


GEORGE J. HAGAN CO. 


CHAMBER OF COMMERCE BUILDING 
PITTSBURGH, PENNA. 










CHICAGO DETROIT SAN FRANCISCO 
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ORDER NOW 


A valuable addition to any library 


GOW. The Electro-Metallurgy of Steel. 
Illustrations, tables, 5%x8%, cloth, 
367 pages 


CONTENTS—Historical Development of Elec- 
tric Furnaces; Definitions of A. C. Characteris- 
tics; Application of Single and Polyphase Cur- 
rents; Generation and Control of Single and 
Polyphase Currents; Automatic Regulators, Ac- 
cessory Instruments; Power Consumption and 
Contributory Factors ; Electro-Metallurgical 
Methods of Melting and Refining Cold Charges; 
Liquid Steel Refining; Ingot Casting; Applica- 
tion of Electric Furnace to Foundry Practice; 
Characteristic Principles and Features of Fur- 
nace Design; Modern Types of Electric Steel 
Furnaces; Refractory Materials, Their Applica- 
tion to Furnace Construction; Furnace Lining, 
Lining Repairs; Properties, Manufacture of Car- 
bon Electrodes; Rapid Methods of Analysis for 
Bath Samples; Index. 


HARBOURD AND HALL. Metallurgy 
of Steel. 

Vol. I. Seventh edition, thoroughly 

revised, 200 illustrations, 577 pages, 
8vo. Cloth 


CONTENTS—The Manufacture of Steel—The 
Bessemer Process; The Basic Process; Manu- 
facture of Steel in Small Converters; Chemistry 
of the Acid Bessemer Process; Chemistry of 
the Basic Bessemer Process; Gas Producers; 
The Open Hearth or Siemens Process; Basic 
Siemens Process; The Production of Steel Cast- 
ings; The Production of Shear and Crucible 
Steel; Production of Steel in the Electric Fur- 
nace; Armour Plate Manufacture; Direct Proc- 
essed of Steel Manufacture. Finished Steel— 
Mechanical Testing of Materials; Carbon and 
Iron; The Influence of Si, 8, P, Mn, As, Cu, 
Sn, Sb, ete., on the Physical Properties of Steel ; 
Special Steels or Steel Alloys; Heat Treatment 
of Steel; Microscopical Examination of Steel ; 
Typical Steel Plants; Photomicrographs. Ap- 
pendices. 


HARBOURD and HALL. Mechanical 
Treatment, of Steel. 
Seventh edition, thoroughly revised, 
399 illustrations, 567 pages, 8vo. 
Cloth 


CONTENTS — The Mechanical Treatment of 
Steel—General Principles. Reheating—Reheat- 
ing Furnaces; Handling Material at the Re- 
heating Furnaces; Details of Rolling Mills; 
The Five Leading Types of Mill; The Operation 
of Rolling; Rolls for Three-High Mills; Spe- 
cial Mills; Handling Material at the Rolls; The 
Supply of Power; The Supply of Power 
(cont’d); The Supply of Power (cont’d); The 
Supply of Power (cont’d); Common Mills 
—-Their Uses and Outputs; Comimon Mills— 
Their Uses and Outputs (cont’d); Rod Mills; 
Continuous Billet, Bar, and Strip Mills; Han- 
dling Material in the Stock Yard; Laying-Out 
of the Mill; Forging Steel by the Steam Ham- 


mer. Forging Steel by the Press. Compressing 
Steel While Fluid; Tube-Making; Wire Dry 
ing; Protecting Steel from Corrosion ; 
and Future of the Steel Trade. 


OSMOND and STEAD. Microscopic 
Analysis of Metals. 
Third edition, revised and corrected 
by L. P. Sidney. 313 pages. Octayo 
Cloth . $4.00 


The new edition of this extremely valyabj, 
book is now in preparation and comprises fe; 
ures which render it thoroughly up to date jy 
every respect. It is very beautifully illustrate 
with 195 photomicrographs, diagrams and fig 
ures and covers such important subjects as Ang. 
tomical Metallography, Biological Metallography 
and Pathological Metallography, also the Science 
of Polishing, Grinding, etc., the Mix rographic 
Analysis of Carbon Steels, the Micrographic 
Identification of the Primary Constituents of (a; 
bon Steels, the Detailed Examination of &%. 
lected Steels, the Segregation in Steel and the 
Phenomena of Burning, Overheating, et: 


EDWARDS. Physico-Chemica] Proper. 
ties of Steel. 
Second edition, thoroughly revised, 
illustrated. 8vo 


CONTENTS—Constitution of Metallic Systems: 
Structure of Metals; Iron; Constitution of the 
Iron-Carbon System; Microstructure of Iron. 
Carbon Steels; Solidification of Steel Ingots; 
Iron-Carbon Steels; Phosphorus; Sulphur; Burn. 
ing and Overheating of Steel; Deformation and 
Strain-Hardening of Metals; The Properties of 
Cold-Drawn Wire and the Effect of Acid Clean- 
ing; Cementation and Case-Hardening; Methods 
of Testing Hardness; Theories of Hardening by 
Quenching; Special Steels; Tungsten-Carbon 
Steels; High-Speed Tool Steels; Manganese; 
Chromium; Electrical Conductivity and Consti- 
tution. 


ALLCUT and MILLER. Materials and 
Their Application to Engineering 
Design. 

221 illustrations, 519 pages. vo. 


he Past 


CONTENTS — The Influence of Materials on 
Engineering Designs; Different Kinds of Stresses 
and Their Uses in Design; Testing and Meas 
urement of Stresses; Strain Measuring Ap- 
paratus; Impact Testing; The Measurement 0 
Hardness; Chemical Composition and 
Structure of Materials; Micro-Structure 
Composition of Steel; Chemical Compositio 
Micro-Structure of Cast Iron, Mallezble 
Castings, Steel Castings, Non-Ferrous Metals, and 
Alloys; The Heat Treatment of Steel and Othet 
Materials; Carbon Steels; Alloy Steels; Case 
Hardening Steels; Iron and Steel Castings, In 
cluding Malleable Iron and Semi-Stee) | 
Non-Ferrous Metals and Alloys Bearing 
The Inspection of Materials; Non 
Materials; Examples of Practical Applicati 
Tables, 


Send order and check to 
AMERICAN SOCIETY for STEEL TREATING 


4600 Prospect Ave. 


Cleveland, O. 


When answering advertisements please mention ‘‘ Transactions’’ 












ADVERTISING 





SECTION 


ss. Compressing 
1; Wire Dray 
rosion; The Past 


Mic TOScOpic 


and 
ages. 


| rected 
Uetavo 





ctremely valuable 
d comprises feat 
ly up to date in 
itifully illustrated 
jagrams and fig 
subjects as Ana- 
‘al Metallography, 
, also the Science 
the Micrographic 
the Micrographic 
ynstituents of Car 






































Carbonizing Machine with Quantity of Small Screw 
y 
Pins Carbonized in Same 







oe . Se ema 
ating, cto HM) Results are QUICK — CERTAIN — 





emical Proper. 


ECONOMICAL 





Metallic Systems; 
onstitution of the 
ructure of Iron- 
of Steel Ingots; 
8; Sulphur; Bun- 
* Deformation and 
The Properties of 
ect of Acid Clean- 
ardening; Methods 
3 of Hardening by 

Tungsten-Carbon 
teels; Manganese; 
tivity and Constl- 


: 
) 
! 


Materials and 
to Engineering 


e of Materials on 
t Kinds of Stresses 
Testing and Meas 
in Measuring Ap- 
he Measurement 0 
sition and Micro 
licro-Structure an 
al Composition and 
on, Mall ble Iro 
Ferrous Metals, an 
of Steel and Othet 
Hoy Steels; Case 
Steel Castings, In 
hemi-Steel Castings 
ys Bearing Metals 
ials;  Non-Metalli¢ 
ctical Application 


OVEN FURNACE with AUTOMATIC 
TEMPERATURE CONTROLLER 





These Oven Furnaces are made in more than 100 
sizes 





ATING 


eveland, O. 


ELIZABETH, N. J. 





List of Products 


Automatic Heat Con- 
trollers 

Automatic Quenching 
Tanks 

Blowers 

Blowpipes or Blow- 
Torches, Hand and 
Stand 

Boosters, Gas 

Brass Melters 

Brazing Furnaces and 
Tables 

Burners 

Burners for Electric Lamy 
Bulb Manufacture 

Carbonizing Machines 

Cyanide Furnaces 

Cylindrical Furnaces 

Forges 

Forges, Glass Bending 

Hardening Hammers 

Heating Machines 

Melting Furnaces 

Muffle Furnaces 

Oil Tempering Furnaces 

Oven Furnaces 

Plating Furnaces 

Rivet Heaters 

Soft Metal and Lead 
Hardening Furnaces 

Soldering Iron Heaters 

Sweep Reducing Furnace- 

Tempering Plates 

Tire Heaters 

Tube Heating Furnaces 

and 

Every Type of Gas Blast 

Burner, Furnace and 
Heating Machine for 
Industrial Uses 


AMERICAN GAS FURNACE CO. 
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TRANSACTIONS OF THE A. 8. 8. T. 


BIND YOUR 
VOLUME VIII 


TRANSACTIONS 


(Completed with the December, 1925, issue, 6 numbers) 


As a service, members may _ have _ their 
Transactions bound at cost by sending them 
to National Headquarters together with check for 


$2.00 


Back numbers can be supplied to complete your 
volume at 75c each. 


Send your copies to-day as it is only by having 
a large number bound at the same time that this 
reasonable rate is possible. We will bind your Vol. 
1,2,3,4, 5,6 and 7 for you if you wish at the same rate. 


American Society for Steel Treating 


4600 Prospect Avenue 
Cleveland Ohio 


When answering advertisements please mention ‘‘ Transactions’’ 
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Undaunted by Overwhelming Odds 


‘ ‘ Ay Z will summarize the characteristics of the Seminoles. 


Ludlum ‘‘Seminole’’ Heavy Duty Chisel Steel is no less 
capable of surviving the hardest of punishment 
overwhelming odds. For example, a chisel made of this 
super-steel cut 200,000 rivets without breaking while 
numerous other tests have proven its superior enduring quali- 
ties for completely defying the heavy usage demanded of 
Bull Dies, Plate Punches and Dies—Let us tell you more about 
this non-battering, fatigue resisting steel that will not crack 


a Ld cA or break. 
NS Bred LUDLUM STEEL CO. 
A LD Seek , 7 Watervliet, N. Y. 


their 
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CARB-O-LOX 


Trade Mark 
CARBURIZING BOXES 
our 
INSURE BETTER QUALITY OF CARBUR- 
having IZATION. 
" hi ‘ Carb-O-Lox Box closed 
at this LOWER YOUR COST THROUGH LONG 
ur Vol. LIFE IN PROPORTION TO INVESTMENT. 
e rate. 
REDUCE LABOR EXPENSE THROUGH 
ELIMINATION OF LUTING. 
‘ ‘i 
ating | INCREASE LIFE OF CARBURIZING 
MATERIAL AS THESE BOXES PREVENT 
| ei as THE MATERIAL FROM TURNING TO ASH. 
Ohio | arb-O-.Lox x open 


THE CARBOX CORPORATION xocutster:xy. 
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You should have 


STOUGHTON. Metallurgy of Iron and 
Steel. 


New third edition, thoroughly revised, 
248 illustrations, 576 pages, 6x9. 


pbamen o> ccmeoeaensa $4.00 


A thorough treatment of the characteristics, 
metallurgy and production of iron and steel. For 
many years this book has been the standard 
guide for engineers, metallurgists, chemists, 
foundrymen, and iron and steel plant execu- 
tives. Much new material has been added to 
the chapters on Mechanical Treatment, Foundry, 
Constitution of Iron and Steel, and Heat Treat- 
ment. This book is essentially a handbook on 
the characteristics and production of iron and 
steel in all its phases. 


JEFFRIES and ARCHER. Science of 
Metals. 


200 illustrations. 500 pages. 6x9. 
« a Gis & kee be GOW be 6 ce ewes ode $5.00 
CONTENTS — Introductory; Electrons, Atoms 


and Molecules; Crystalline Structure of Metals; 
The Amorphous Metal Hypothesis; Grain Growth 
and Recrystallization; Mechanical Properties of 
Metals; Compounds of Metals; Metallic Solid 
Solutions; Constitution of Alloys; Structure and 
Properties of Aggregates; Hardness of Metals; 
Hardening of Steel. 


HALL. Steel Foundry. 


New second edition, 55 illustrations. 
S34 paged. ~ Ox... 6. ce cscuscaes $4.00 


CONTENTS—I. Introductory; II. General Con- 
siderations Governipg the Choice of a Method of 
Steel Making; III. The Crucible Process; IV. 
The Bessemer Process; V. The Open Hearth Proc- 


ess; VI. The Electric Furnace; VII. Summary, 
Special Deoxidizers, Ladles; VIII. Moulding, 
Pouring and Digging Out; IX. Heat Treatment 


and Annealing; X. Finishing, Straightening and 
Welding; XI. Laboratories; XII. Building Up 
Impurities in Steel. 


SISCO. Technical Analysis of Steel 
and Steel Works Materials. 


543 pages. 6x9....... see 


The aim of the book is fivefold: 1. To give 
to the routine analyst who hopes to advance, 
the best known methods for the analysis of spe- 
cial steels and steel works materials and a 
bird’s-eye view of the problems encountered in 
operating a routine laboratory. 2. To emphasize 
the need of speed in analytical control. 3. To 
give the industrial chemist the best, simplest 
and most rapid methods for the analysis of any 
sample of steel or steel works materials that he 
may encounter. 4. To give to the college stu- 
dent in metallurgical chemistry the methods of 


4600 Prospect Ave. 


TRANSACTIONS OF THE 


MORE BOOKS 


Send Order and Check to 
AMERICAN SOCIETY for STEEL TREATING 


When answering advertisements please mention ‘‘ Transactions ’’ 
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in your Library | 


steel analysis with emphasis on, not how 4 
work should be done, but how it is done. jp 4 
works laboratory. 5. To give to the stec] wort... 5 
from furnace helper to general superintendent ,! 
account, readily comprehended, perh: tad 
steel laboratory and its problems. “/ 


STANSFIELD. Electric Furnaces 4 
Ircen and Steel. 


139 illustrations. 456 pag 6x 


eeereereeee eee ee ee eeeeeese 


CONTENTS — History and Statistics: Mets) 
lurgy of Iron and Steel; Electrical Supply 
Electric Smelting of Iron Ores for Pig [ro 
Indirect Electric Smelting of Iron Ores; Th 
Ferro-Alloys and Their Production in the Rie 
tric Furnace; Production of Iron and Steel fro 
Metallic Materials in Electric Furnaces: Electric 
Arc Furnaces for Making Steel; Induction , 
Resistance Furnaces; Electric  Steel-Smelting 
and Welding. 


TIEMANN. Iron and Steel. 
New second edition. 514 pages, flexi 
ble pocket size, illustrated... ..$4.0 
This is a dictionary, an encyclopedia, a hand 


book on iron and steel all in one. T! | 
lurgist, the mill superintendent, and the caleg 
man will find it of daily use. The | 
sents nearly 8,000 terms and definitions 
esses and equipment so arranged that 
find exactly what you want quickly. 
together and translates the varied n clatur 
of the mill, the laboratory and the Fo 
those who use steel, for those who manufactur 
steel and steel products, and for those wl 
steel, it is a valuable guide to the n ry il 
formation as to processes and methods. Thi 
new second edition is almost twice as larg: 
the first edition. The chief increase in the teq 
is due to more extended discussions of subject 
such as heat treatment, physical properties, an 
testing, and to numerous investigations of t 
more theoretical aspects of the subject, partic 
larly those included under metallogra; 


MARKS. Mechanical 
Handbook. 


Second edition, 
2000 pages, 
trated 


SCHELL. 
Control. 


130 pages. 


CONTENTS —I. Introductory; II. © 
Tools: III. Executive Control; IV. Exe 
Stimulation; V. Executive Duties; V!-\ 
culties with Subordinates; VIII. Difficulties 
Superiors and Associates. 


Engineering 


thoroughly revised 
4x7, flexible, illu 





Technique of Executiv 








Cleveland, O 
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A Smashing Triumph for De Paolo and Alloy Steel 
ls 1e greatest automobile racing classic of They determined that Alloy Steel alone 
the year—the 500 mile race at Indianapolis would furnish the requisite hardness, light- 
on, not how th _Alloy Steel once more gave proof of its ness, toughness and strength—25% to 100% 
Bae ateel erin stamina—its resiliency—its toughness. greater than that afforded by carbon steel, with 
ea lent rive hundred miles at more than onehun- - "° loss in ductility. Alloy Steel gives under 
“ms. “B® red miles an hour tests the worth of an en- stress but does not give way. 
© Furnaces f gine and the materials of which it is made. In Engineering authorities recognize that Alloy 
— most of the vital parts of the winning Steel provides an unique combination of prop- 
5 nec » Duesenberg—parts that bore the brunt of the erties —invaluable for many varied types of 
. ai stress Alloy Steel was the material used. equipment. 
reece. 90,00 ; Dee rat , 
Statistics: Mets The designers of this winning car, after years Have you considered that Alloy Steel might 
Electrical Supply of experience with all kinds of steels, con- solve your engineering design problems? Out 
yg a . duded that only Alloy Steel would stand the _ staff of engineers with its laboratory facilities 
ction in the Flea test. will gladly give you the benefit of its help. 
ron and Steel frog 
Furnaces ; Electric ie te 8 ts ie \ 
eel ; Ind tior - winning Duesenberg 












- S Smelting Some of the parts made 
from NICKEL STE&L 
used on De Paolo win 
ning Duesenberg. 





Steel. 1. Piston Pin 
2. Cornecting Rod 
r a fi 3. Crankshaft 
514 pages, fley 4. Tie Rod 
e 5. Steering Knuckle Pin 
rated... i $4 OW 6. Propeller Shaft 
: : 7. Pinion and Ring Gear 
cyclope dia, a hand 8. Rear Axle Shaft 
n one The metab 9. Front Axle Spindle 
F . 10. Steering Gear to 
ent, and | Drag Link Arm 


11. Front Axle Tube 
12. Transmission Gears 
18. TransmissionShafts 
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1 Engineering 


‘oughly revised 
flexible, illus 
. $6.0 
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uties; VI-VII. Dif 
III. Difficulties wit 


‘ 1 1 * Booklet entitled ‘* Paving the Way 
a for Alloy Steeis’’ will be of inter- 
| —— an an © est to manufacturers of steel and 
ING \ ba steel products. A copy witli be 
d , y . sntj/ree on request. 
pland, O {> THE INTERNATIONAL NICKEL COMPANY, 67 WALL STREET, NEW YORK CITY, 45%, 
vom Producers of INCO Nickel in all commercial forms 7 Newel 
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The Only PYROMETERS Made 


which can have 


Automatic Cold Junction Compensation 


Temperature Co-efficient and 


Means of Zero Adjustment 


( Patented December 28, 1920) 


Write for Catalog No. 14 today 


Address The Brown Instrument Company, 4502 Wayne Avenue, Phila- 
delphia, or one of our District Offices, at New York, Boston, Pittsburgh, 
Detroit, Chicago, Indianapolis, Tulsa, Birmingham, Houston, San Fran- 
cisco, Los Angeles, El Paso, Salt Lake City, and Montreal. 


nPyr@mete 


Most used in the world 


When answering advertisements please mention ‘‘ Transactions’’ 
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‘TEWART-POTS : CARBURIZING 


STEWART Round Pressed @ 
Steel Carburizing Pots 


TEWART Round Carburiz- 

ing Pots are of pressed 
steel 0/16” thick with legs 
pressed in the bottom. They 
ce seamless, one-piece steel 
ontainers, eliminating all 
chance of losing carburizing 
mses through sand holes, 
wams or welds. They reduce 
warpage to @ minimum and 
afford even heat. Our large 
production enables us to quote 
musually low prices; delivery 
fom a large stock of assorted 


i ee a 1e_,_, — 


The Stewart Round Pressed Steel Carburizing 
Pots were designed especially to turn out work 
with an even case on all heats. 

They save fuel, are more easily handled when 
loading and unloading the furnace. The re- 
sulting economy coupled with the high efficiency 
of Stewart Heat-Treating Furnaces make an ideal 
carburizing unit. 

The Oven Furnaces are rugged in construction, 
lined with first quality bricks backed by the 
best quality of insulation and their reliability 
is known for many years in all plants where 
absolute uniformity in heat-treating is a neces- 


STEWART 


Industrial Furnaces 
CHICAGO FLEXIBLE SHAFT COMPANY 


1144 S. CENTRAL AVE. - CHICAGO, ILL. 


16 Reade Street 79 Milk Street 
New York, N. Y. Boston 9, Mass. 
806 Sycamore Street 768 Mission Street 
Specifications - Cincinnati, Ohio San Francisco, Calif. 
a . 306 Wesley Bldg. Pioneer Building 
pth St. Paul, Minn 
Floor space in. Philadelphia, Pa. , ° : 
Gas connections in. 608 Kerr Bldg. 
Air connections in. rere’ ae Ave. Detroit, Mich. 
on connections % in. St. Louis, Mo. ‘ 
Re > a ee No. Blower 1200-1201 Standard Life 
Shipping weight 12,000 Ibs. 4805 Park Ave. 


: Building 
Indianapelis, Ind. Pittsburgh, Pa. 


TEWART No. 36 Oven Furnaces are in 
wide use for carburizing and annealing. Rochester, N. Y. 


ley are big enough to receive and hold car- 1738 19th Street 2.2% Railway Ex. Bldg. 
inzing boxes and annealing pots of the 


943 Granite Bldg. 608 Swetland Bldg. 


Cleveland, Ohio 


Milwaukee, Wis. St. Louis, Mo. 
meet sizes and to handle heavy and long Conaiien Besta 
ork, 


349 Carlaw Ave., Toronto, Ont. 
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TRANSACTIONS OF THE A. 8. 8. T. 


® Show Your Colors 


LL MEMBERS of the A. S. S. T. should make a practice of wearing the Society 
emblem. It is neat and inconspicuous and immediately conveys the information tha, 
the wearer is a progressive individual and a member of a live, wide awake organization. 
The pin is in black and gold as shown above, with safety fastener, and will be mailed. 
post paid upon receipt of $1.00. 
AMERICAN SOCIETY FOR STEEL TREATING 


4600 Prospect Ave. Cleveland, O. 















No Initiation Fee 


Application for Membership in the 


American Society for Steel Treating 
4600 Prospect Ave., Cleveland, Ohio 


(See opposite page for Classification and rate for dues.) 


; . . Memb J i ’ 
I hereby make application for Tcenhans i membership in the Society, and 
agree, if elected, that I will be governed by the Constitution, By-Laws and Rules of 
the Society as long as I continue a member. I furthermore agree to promote the ob- 
jects of the Society so far as it shall be in my power. $5.00 of my dues is for one 


year’s subscription to The Transactions of the American Society for Steel Treatin 








The annual dues for membership and the annual contribution for Sustaining 
members shall be as follows: 
DUC TR octane ctiagunekiaeanbiiaea $10.00 
200 DDD . anne seceen~ cited aeenne 15.00 
fl i ee ee ee 2.50 
For Sustaining Member, not less than ~.---------- 25.00 
cite Gu kd dededdinan.0~-- 2 
I a niall abies iin teh ntiiellndiibn a= ----- 
(Please print) 
0 SS ee eS ee oS 
TD dtinint ee dette de wounctibbveiintinbdecninbannd EE 


Are you in the Sales Department? _.......------------------------------- 
Tutte or. Pesitten with Bath Fiem...nnncncccnewnce<nenconcocnnnce-------- 


To which Chapter do you wish to belong?_.__..--------------------------- 
To what address do you wish your mail from this Society sent?_..------------ none 


oseceee ee eee eee ee ee Oe ee ee eee eee OO ee OC ee ee SE EE eS ESE SSeS SSS SS Se - 


I gi cee nccknwesccccnsanscieeeascnsamptnnonapaeo= —-- Member 
If candidate does not know any member of the Society, a reference will be satisfactory 
TPE ivi ccttk cg etwn peo cn candtntninttiinbatagininnoannasan === 


All members in good standing will receive the Society’s publications, which contain papers 
presented at the chapter, sectional and annual meetings. 


When answering advertisements please mention ‘‘ Transactions’’ 
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SERVICE FOR MEMBERS 


The Library Bureau of the American Society for Steel Treating is operated to give to the 
embers quickly, reliably and at the minimum expense the following service: 

1. A complete copy of the magazine article referred to in any periodical you may be 
iding. 

2. A Translation of foreign articles that would help you with your work. 

3. A list of references to books and articles on any metallurgical subject. 
4. Informing the members of new articles of interest to them as an engineer. 


5. Patent Reviews. 


The Library Bureau makes the entire field of literature available to every member, distance 
s eliminated, for it will copy the desired information and send it to you. It also helps the 
busy man by supplying information without any expenditure of his time. ‘The charge for this 
personal work is merely its cost. 

Through the courtesy of Nelson Littell, we have secured an additional library service for 
members of the A. S. S. T. This service comprises the selecting and supplying of copies of 
current patents, on specified subjects, as they are issued by the Patent Office 

Mr. Littell will review the Official Gazette each week, selecting those patents on subjects 
lesired by individual subscribers, and order separate copies mailed directly to them from the 
U. S. Patent Office. Subscribers may specify the field of patents which would be of interest, 

they may supply a list of their products and manufacturing processes whereby Mr. Littell 
could judge as to what current patents would be of interest to them. 

The cost for this service is $10.00 per year, plus 10 cents per copy for each copy of a 
patent furnished. 

The Library Service does not obtain any profit from the work, but does this to make the 
information contained in the large iibraries with which it has connection available to every 
member. The rates are as follows: 

Photo Print Copies of articles, drawings, etc., 25c per 10x14-inch sheets. 

Searches, abstracts, etc., $2.00 an hour. 

Translation, $6.00 per thousand words for French or German; $7.50 and upwards 
for other languages. 

Reference card service, giving reference to current magazine articles, $10.00 a year 
in advance, and 5c for each card mailed. 


Members desiring to avail themselves of this service should address Library Bureau, 
American Society for Steel Treating, 4600 Prospect Ave., Cleveland, Ohio. 


CLASSIFICATION OF MEMBERSHIP 
AMERICAN SOCIETY FOR STEEL TREATING 


The following paragraphs from the Constitution should enable you to properly fill the application 
form on opposite page: 


{rt. IV. Section 1. (c) ‘‘A MEMBER shall be a person, twenty-one years of age or over, who is 
engaged in work related to the manufacture or treatment cf metals, or the arts connected 
therewith, and who is not a member of the sales department of any organization which 
manufactures or deals in materials, supplies or equipment of any nature whatsoever used in 
such arts.” 

Dues $10.00 per annum. 


(d) ‘‘An associaTE shall be a person, at least twenty-one years of age, who is engaged 
in work related to the manufacture or treatment of metals, or the arts connected therewith, 
and who is a member of the sales department of an organization which nianufactures or deals 
in materials, supplies or equipment used in such arts.” 

Dues $15.00 per annum. 


(e) “SUSTAINING MEMBERS shall be those persons, firms or corporations, who, because 
of exceptional interest in the work of the Society, contribute the annual dues of Sustaining 
Members as hereinafter set forth.” 


Membership in this class will be awarded to those who contribute not less than $25.00 yearly, 
and will be acknowledged by printing the name of the donor in each issue of the Society’s Transactions 
under the caption ‘‘Sustaining Members.”’ 


{rt. IV, See. 1. (f) ‘“‘A suntoR shall be a person interested in, or engaged in, work related to 
the manufacture or treatment of metals or the arts connected therewith, who is either (1) in 
attendance as a student at some institution of learning, or (2) under twenty-one years of 
age.’’ 

Dues $2.50 per annum. This fee includes subscription to The Transactions and Data Sheets. 


All dues are payable immediately upon notification of ciection to membership and are for one 
vear from date of said election. Following payments are due upon same date each year. 


If a member desires, his dues may be paid in two equal installments. 
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_ Automobile and other Alloy 
Steel Specifications are 
becoming more and 

‘ more exacting 


It is necessary, therefore, to use the highest grade of | 
raw materials entering into the construction of auto- 
mobiles, machine parts, etc. 



















In the manufacture of our various metals and alloys, 
we must use, and do use, the highest grade of ores, 
oxides and aluminum. 


Tungsten Powder __--~- 97-98% Pure Chromium --_---~- 97-98% 
Pure Manganese ___-_-_- 96-97% Ferro-Tungsten - _-_-- 75-80% 
Ferro-Chromium - ~~~ 60% Ferro-Titanium  __----- 25% 


Ferro-Vanadium 35-40% (1% Silicon) 
Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 
























Chicco’ -:120 Broadway, New York City $,Sa" Francisco 
Boston 
MAY WE HELP YOU? 
If you want to improve your product ask 
us about the following. 
Carburizing Compounds Furnace Cements 
Cyanide Compounds (for Metal Cleaners 
cyaniding) 
Kwick Kase (for cyaniding) Ses ee 
Lead Pot Carbon (for covering namel otripper 
Lead Pots) Detergents and Special 
Tempering Oils Cleaners for all pur- 
Tempering Salts (High and Low poses 
Temperatures) : . 
Sodium Cyanide (96-98%) Copper & Zine Cyanide 
Brinell Machines Nickel Salts (Single) 


Rubbing and Finishing Compounds for all lacquers | 


Park Chemical Company | 
Metallurgical and Chemical Engineers | 
DETROIT, MICH. | 
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Ductility or Sheet Metal Testing Machines 


Torsion Testing Machines 





bet 


Olsen Latest Automatic and Autographic Universal 
Testing Machine 


SION KNOWLEDGE IS POWER 


nto (For determining the cut- 
| ting property of drills, 
taps, dies, reamers, cut- 
ing compounds, files, hack- 
saw blades and milling 

jaa: cutters. Also tool-steel 
and metals.) 


The advancement in the 
art of making high speed 
cutting steel and the ever 
increasing use of special 
cutting tools of such steel 
have necessitated the de- 
velopment of this unique 
testing machine for de- 
termining their cutting 
quality. 

} It has been determined 
that various tool steels 
should be operated at a 
definite speed for maxi- 
mum efficiency, depending 
on their treatment and the 
material they are to cut. 
The shape of such tools 


» of : ‘ ., 
Brinell Hardness Testing Machines 
ito- Herbert Pendulum Hardness Tester 
Impact Testing Machines 
dYS, Alternate Stress Testing Machines 
res, Spring Testing Machines 
Oil, Grease and Bearing Metal Testing Machines 
98% | Strain Gauges, Extensometers and Instruments 
80% | 
25% | 
| 





Special also are of the utmost Olsen Universal Efficiency Testing Machine 
importance, as slight 
ll pur- variations in angle or clearance of cutting edges may cause a variation of several hundred per cent 


in production, 
Such machines should be in use by all large manufacturers and users of cutting tools. 


yanide Eliminate vibration 
Secure perfect balance with speed and economy 
gle) | Use the 


Olsen-Carwen Static-Dynamic Balancing Machine 


Manufactured by 


TINIUS OLSEN TESTING MACHINE COMPANY 

500 North 12th Street, Philadelphia, Pa., U. S. A. 
Foreign representatives: Andrews & George Company, Tokyo, Japan; Korea and Manchuria. 
Edward G. Herbert, Ltd., Manchester, England. 
R. 8. Stokvis & Fils, Paris, France. 
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e= HARDNESS TESTING 


SHOULD BE DONE WITH 


PRACTICAL UP-TO - DATE EQUIPMENT ON BOTH 
METALS AND RUBBER, ETC. 





Do not experiment, but demand 
the best and most approved com- 
mercial means. For Metals and 
rigid materials, send for our free 
ee booklet on the Scleroscope. For 

iis iat Title aati - Rubber and pliable materials, 
our Bulletin R-2 is free upon request. 








Scleroscope Model D Scleroscope Model C Testing Set 





The Shore Instrument & Mig. Co. 


VAN WYCK AVENUE and CARLL STREET 
JAMAICA, NEW YORK 


Agents in All Foreign Countries 
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ved com- 
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our free 
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TURING the first six months of 1925 
D we erected 40 furnaces with a con- 
nected load of 5615 K. W. in heat treat- 


ing furnaces. 


All of these furnaces will save their initial 


investment in less than a year. 


We will connect as much or more K. W. 


in the next six months. 


Holcroft furnaces are designed and built to 
fit the job they have to do. 


May we have the opportunity to submit 
proposals on your requirements. 





HOLCROFT & COMPANY 


6545 EPWORTH BLVD. DETROIT, MICHIGAN 
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“American” Electric Pot Furnaces 








In daily operation, have proved, that the 
QUALITY of work — productive EFFICIENCY 
— and ECONOMY of operation, have never been 
equaled by any other type furnace. 







































FOR — 


Lead — Cyanide 

Salts — White Metal; R 
POTS — 

Standard Sizes 

8" to 20" Dia. 

10" to 24" Deep 

or Rectangular any 

size to 24" wide, 96' 

long, 48" deep. 
RATING K. W.— 

15 — 20 — 30 

or larger 


CAPACITY — 


100 to 1000 lbs. of 
Steel Per hour to 
1600° Fahr. 


TEMPERATURE— Range: 
to 1750° F 


AUTOMATIC 
CONTROL 








Heating Elements Are Protected By Separate Fuse 


WE BUILD ELECTRIC FURNACES FOR ALL 
PURPOSES, TO OPERATE TO _ 1850’ F. 


Let Us Quote On Your Requirements 


R. C. SCHWARZ Represented by YAMATAKE CO. 


Granite Bldg. THE CASE HARDENING SERVICE CoO. 40 Rector St 
Rochester, N. Y. 2281 Scranton Road New York 
Cleveland, O. For Japan 

THE BELL & GOSSETT CO. A. C. WRIGHT 

3000 Wallace St. 52 Mapledell Ave. 

Chicago Ill. Springfield, Mass. 


American Metallurgical Corporation 
27 VON HILLERN STREET 
BOSTON, MASSACHUSETTS 
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1aces 


Ss 


at the 
-IENCY 


rer been 






Cyanide 
White Metals 


| Sizes 

| Dia. 

4" Deep 
ngular any 
4" wide, 96' 
' deep. 


YAMATAKE 00. 
40 Rector St. 
New York 
For Japan 


} tion 






ROBERT W. HUNT CO. 








RESIDENT INSPECTORS 


ADVERTISING SECTION 


CTD 


TOOL STEEL 





ENGINEERS 


PHOTOMICROGRAPHIC 
CHEMICAL AND 
PHYSICAL 
LABORATORIES 
FINE STEELS 
Ne CRUCIBLE ae 
CONSULTATION Pee 


OILDIE NON-sSHRIA 
COLUMBIA spEciat 


LABORATORIES AT 
PRINCIPAL OFFICES 


L. STEEL 
COLUMBIA EXTRA, ¢ 


AT STEEL MILLS AND 
MANUFACTURING PLANTS 


GENERAL OFFICE 





CHICAGO 
NEW YORK PITTSBURGH 
sT. LOUIS SAN FRANCISCO 
KANSAS CITY CINCINNATI 
LONDON MONTREAL 





QUALITY PRODUCTS 


Blaich Modern Carbonizers. — Best by Test. 


— also — 


Quick Heat—for use as a fused melt preventing 
decarbonization, formation of scale, 
and soft spots during heat-treating. 


Quick Case—an efficient and economical medium 
for cyaniding. 


Sodium Cyanide—96-98% Pure. 
Lead Coat—a covering for molten lead baths. 


Insulite—prevents penetration of carbon on se- 
lected areas during the carbonizing 
operation. 


ALFRED O. BLAICH COMPANY 


DETROIT 555 Beaufait Ave. MICHIGAN 
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From a scientific experiment 
to industrial leadership 


in ten short years 





/ 
7 
. “; g - . _~ 
DECADE ago the scientific world was the laboratory pgfiod of scientific develop. 
L \ greatly excited over the discovery of | ment; second,Ahose years during which 


“surface combustion” —a new method of doubtful andfkeptical industrial men gin- 

















burning fuels. 

Experts prophesied that 
this new principle would 
revolutionize industrial heat- 
ing processes. It has. But it 
is only within the past four 
years that industry has fully 
awakened to a realization of 
the. tremendous possibilities 





gerly tested the new princi- 
ple in their own plants; and 
third, the period when great 
industries accepted it with- 
out reservation as the sys- 
tem worthy of adoption fo 
all of their heating proc- 


t 
esses. 


The Surface Combustion 






in “surface combustion” as Company is already in its Hi & 
applied through properly de- fourth period—the acknowl- 
signed furnaces. edged leader in industrial 
This awakening of indus- furnace design and manufac- 
trial leaders “wherever heat ture. Its sales prove it, 


is used in industry” now 
clearly shows on the sales 
chart of the Surface Com- 
bustion Company. The 
company’s businesshasgrown 
from a few thousand dollars 
to actual leadership. 

The organization at this 





And clear testimony from 
over ten thousand of the larg- 
est concerns in the count 
fully recognizes that the 
scientific principle and the 
great organization of trained 
men who interpret it through 
Surface Combustion furnaces 










time has definitely passed through (A) are beyond competition. 


three stages of its existence; first, — pyis-cariom Division 


ComBUSTION 
Utitities CorporaTion 


THE SURFACE COMBUSTION COMPAN’\ 


Industrial Furnace Engineers and Manufacturers 


GENERAL OFFICES: GERARD AVENUE and 145TH STREET, NEW ORK 
WORKS: Altion Street, Toledo, Ohio 


CHICAGO BOSTON DETROIT $T. LOUIS BUFFALO PITTSBURGH BALTIMORE BIRMINGHAM PHILADELPHIA 








, 
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Permanently Aligned 
Precentered 
Powerful ; Precise 







































itific develop. 
during which 
trial men gin- 
ie new princi- 
vn plants; and 
od when great 
epted it with- 
n as the sys- 
f adoption for 





eating proc- 


e Combustion 
already in its 
—the acknowl- 
in industrial 
-and manufac- 
prove it. 

estimony from 
and of the larg- 
in the country é 
izes that the - 
ciple and the 


Bausch & Lomb 
Large Metalloscope—Model ILSAA 


Send for literature illustrating and describing complete Metallographic Equipment 


tion of trained 
pret it through 
ustion furnaces 
ition. 


PANY 
BAUSCH & LOMB OPTICAL CO. 


EW YORK 
663 ST. PAUL STREET : ROCHESTER, N. Y. 


4 PHILADELPHIA 
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LEITZ 
“MICRO-METALLOGRAPH” ; 
1925 
















Illustrating the Microscope Stand of 
the ‘*‘ Micro-Metallograph’’ with Camera 


The Leitz ‘‘ Micro-Metallograph’’ is given preference for research invest 
gations; it is the Standard of Government Departments, leading Universities 
and also of Industrial Plants whenever unfailing results for reliuble deter- He 
minations are looked for. He 


Model 1925—embodies many new features and one of them to be men- 
tioned is an ingenious device for conical stop illumination, whereby remark- 
able contrast is obtained even of those specimens which otherwise would 
show but little structural details. 


Model 1925—permits photography of exceedingly high magnifications; one, le 
laboratory, using the latest type of our instrument, obtained remarkably clear Le 
photographs at 15,500x magnifications, revealing details otherwise not notice- L 
able. 


If interested, write for Pamplet No. (P) 1057. 


We offer a reference list of users, upon request. P 


ae 
SURPASSED “ce EQUALLED 
Ss SUPREME 


60 East 10™St. 


to 


Gj 
OPTICAL Ano MECHANICAL 
WORKMANSHIP 






mow oS 








AGENTS : 


Pacific Coast States: Spindler & Sauppe, 86 Third St., San Francisco, Cal. 
Canada: The J. F. Hartz Co. Ltd., Toronto, Canada 
Philippine Islands: Botica de Santa Cruz, Manila, P. I. 
Cuba: Texidor Co. Ltd., Habana, Cuba 
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Distinguished Service 
in Three Different 
Fields— 


N the field of electric heating ““Nichrome” dependa- 

bility has been established by nearly 20 years of 

performance. “Nichrome” wire, ribbon and strip con- 
vert electric energy into heat. 


To be sure of getting the distinguished service of 
which “Nichrome” is capable, write this specification 
on your orders for electric furnaces, ovens, etc. **** 
“Heating units of ‘Nichrome’—the Driver-Harris Re- 
sistor.” sasha 

In the field of case carbonizing and other high tem- 
perature processes the character of “Nichrome” service 
is such that “Nichrome” Castings are used by more— 
considerably more—than “1700 Plants Where Quality 
is Higher than Price”. 


In the field of gray iron castings “Nichrome” service 
is recognized because the wear and toughness of ordi- 
nary cast iron is increased from 25% to 50% by the 
addition of “Nichrome” Grade B. 


Information concerning these three applications of ‘‘Nichrome’’ are shown 
by three different books—yours for the asking. 


DRIVER~HARRIS COMPANY 
HARRISON, NEw JERSEY 


Chicago ~ Detroit - England ~ France - Italy 


NichFrome 
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~RODMAN 
PRODUCTS 


Carbo 
Case Hardening Compounds 


Longer life-and uniform quality. 















Sealright 


A luting material that does not corrode the containers. It 
prolongs their life indefinitely. 


Quenching Oil 


A faster oil with uniform quenching characteristics, 


Rodman Chemical Company 
VERONA, PA. 
DETROIT, 408 Manistique Street 
Pacihe Coast Representatives: Waterhouse & Lester Company, 
San Francisco and. Portland 
Stanley P, Rockwell Co. 
112 High Street, Hartford, Cona. 





Fewo-type SM 
Engelhard 
Recorders on 
Bolt Heating 
Furnaces, 
Togethey 
| these two are 
| capable of 
} clearly chart. 
ing twelve 
furnaces si. 


multaneously, 


PULL— that’s all 


As easy as pulling down a 
window shade 


When you want to look at the ENTIRE Engelhard 
chart there are no mechanical contraptions to stop you. 
Simply P U L L—that’s all. 


And, toc, Engelhard charts are the EASIEST to read. 
No more sore eyes. Exactly what you need most of 
all—a READABLE chart. 


Recorders 
Besides, it has 
1—The mercury switch 
2—Six simultaneous records 
3 —Simplicity 
4—Tightness 
5— ess 


a dozen more points. 


CHARLES ENGELHARD, In~ 


30 CHURCH STREET ~ NEW YORK CITY 
FACTORY AT NEWARK, N. J. 








